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LECTURE  I. 


General  view  of  the  eyeball — iis  size,  shape, 
and  tension — Structure  of  the  Sclero- 
tica— Implantation  of  the  recti — thick- 
ness at  different  parts.  Of  the  Cornea — 
shape — surfaces — thickness — 7s  it  a  lens? 
Of  the  lamellated  tissue — Number  of 
superposed  lamellie — Tubular  interstices 
— Union  with  sclerotica.  Anterior  elastic 
lamina — how  tied  down — Conjunctival 
epithelium — Posterior  elastic  lamina — 
Marginal  plexiform  tissue — The  triple 
distribution — Circu'ar  sinus — epithelium 
of  the  aqueous  humor. 

Gentlemen,  —  The  benevolent  founders 
and  supporters  of  this  hospital  have  ever 
been  desirous  that  it  should  not  merely 
minister  (as  it  does  so  largely)  to  the  relief 
of  the  poor  of  the  metropolis  and  surround- 
ing counties,  but  that  its  ample  resources 
should  be  employed  as  means  of  instructing 
the  rising  generation  of  medical  men  in  the 
very  important  class  of  diseases  which  are 
daily  treated  within  its  walls.  I  need  not 
inform  you  particularly  of  the  share  it  has 
had  in  enlarging  and  diffusing  the  knowledge 
of  ophthalmic  diseases.  It  will  be  enough 
that  I  refer,  as  evidence  on  that  point,  to 
the  names  of  Saunders,  Farre,  Travers, 
Lawrence,  and  Tyrrell, — the  distinguished 
men  who,  for  more  or  less  of  the  first  forty 
years  of  its  existence,  were  the  instruments 
of  its  usefulness,  and  the  main  source  of 
that  amount  of  celebrity  which  it  has  ac- 
quired. Of  these  we  can  still  number  but 
one  amongst  our  present  colleagues ;  and  I 
cannot  mention  the  name  of  Dr.  Farre  with- 
out a  passing  acknowledgment  of  what  this 
institution  owes  to  him,  and  of  the  honour 
I  feel  it  to  be  associated  with  one  so  venera- 
ble and  respected. 

Jt  is  our  wish,  according  to  our  a'oility, 
to  continue  to  make  the  Ophthalmic  Hos- 
pital subservient  to  the  same  ends  as  here- 
tofore. The  number  of  patients  considerably 
exceeds  that  at  any  former  period,  being 
now  upwards  of  7000  annually,  and  these 
afford  the  means  of  studying  on  a  great 
scale  the  several  forms  of  disease  which 
attack  the  complex  and  im[)ortant  organ  of 
sight. 

The  lectures  which  we  offer  are  not  in- 
tended to  supersede  the  necessity  of  your 
observing,  each  one  lor  himself,  with  minute 
and  accurate  attention,  the  realities  of  disease 
and  the  effects  of  remedies,  but  rather,  by 
opening  the  subject,  and  acquainting  you 
with  the  general  outlines,  to  remove  the 
first  difficulties  from  your  path,  and  to 
stimulate  your  minds  with  a  fore-taste  of 
the  pleasure  which  all  will  certainly  expe- 


rience who  devote  themselves  to  the  earnest 
pursuit  of  knowledge  ,in  the  field  before 
us. 

In  the  arrangements  for  the  present  season 
the  task  has  devolved  upon  myself  of  giving 
you  some  account  of  certain  structures  of  the 
eye-ball,  which  are  of  primary  consequence 
to  the  practitioner,  as  being  those  involved 
in  the  operations  he  will  be  called  on  to 
perform,  and  also  as  being  the  seat  of  several 
of  the  more  common,  as  well  as  severe, 
morbid  actions  which  affect  the  organ. 
That  you  may  form  some  estimate  of  the 
importance  of  that  class  especially  which 
belongs  to  the  cornea,  I  may  mention  a  cir- 
cumstance which  I  remarked  with  concern 
during  a  visit  to  that  noble  institution  the 
School  for  the  Indigent  Blind,  in  St.  George's 
Fields.  It  was  this  —  that  a  very  large 
number  of  all  the  cases  of  total  and  irre- 
mediable blindness  which  those  walls  receive 
are  the  result  of  inflammations  of  the  front  of 
the  eye,  its  transparent  inlet  having  been 
darkened  or  destroyed  by  the  ravages  of  dis- 
ease, which  we  are  quite  sure  might,  in  a 
great  majority  of  instances,  have  been  con- 
trolled by  skilful  and  timely  treatment. 
These  cases  occur  amongst  the  poor — a  class 
to  whom  the  eye  is,  if  possible,  even  more 
valuable  than  to  the  rich,  because  without 
it  they  can  hardly  obtain  their  daily  bread, 
or  enjoy  the  common  comforts  of  existence, 
— a  class,  too,  among  whom  it  is  probable 
that  most  of  you  will  be  called  on  to  minister 
during  the  early  years  of  your  professiona 
life.  More  than  this,  I  think,  need  not  be 
said  to  impress  you  with  the  importance  of 
the  subject  which  is  about  to  engage  our 
attention. 

It  would  be  easy  to  expatiate  oa  the 
utility  of  an  exact  knowledge  of  the  structure 
of  the  body  to  one  who  desires  to  study 
that  body  in  its  morbid  states ;  but  I  am 
willing  to  hope  that  such  an  argument  would 
be  almost  superfluous  ;  and,  at  any  rate, 
(that  I  may  not  detain  you  any  longer  on 
introductory  topics)  I  shall  content  myself 
with  observing,  that,  though  a  man  of 
genius  has  now  and  then  become  a  great 
physician,  like  Hippocrates  or  Sydenham, 
by  an  acute  and  persevering  observation  of 
disease,  and  of  the  effects  of  remedies,  and 
without  much  acquaintance  with  anatomy 
yet  that  tlie  common  voice  of  mankind  pro- 
claims that  he  who  best  knows  the  mecha. 
nism  of  the  body  will,  with  a  like  study  of 
the  other  departments  of  medicine,  be  the 
best  able  to  comprehend  the  actions  of  thi : 
body,  both  in  health  and  disease. 

General  view  of  the  eyeball. — The  eye 
ball,  gentlemen,  as  you  know,  consists  pri- 
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marily  and  essentially  of  a  sheet  of  nervous 
matters  visually  endowed, — that  is,  capable 
of  being  so  affected  by  light,  that,  when 
duly  connected  with  the  sensorium,  what  we 
call  sight,  or  perception  of  light,  is  the  re- 
sult. This  sheet,  which  we  term  the  retina, 
is  brought  towards  the  surface  of  the  body 
to  meet  its  appropriate  stimulus,  the  com- 
missure of  nervous  substance  which  connects 
it  to  the  brain  and  to  the  opposite  retina 
being  called  the  optic  nerve.  In  front  of 
the  retina  are  placed  transparent  media, 
which,  as  a  whole,  refract  the  light  so  as  to 
bring  it  to  a  focus  on  the  nervous  layer, 
which  is  spread  out  in  a  concave  form  to 
receive  the  more  perfect  image.  The  retina 
is  supported  behind  by  a  firm  resisting 
tunic,  the  sclerotica,  which  is  prolonged  in 
front  of  the  transparent  media,  as  a  trans- 
parent integumental  membrane,  the  cornea. 
Between  the  retina  and  the  sclerotica  is  a 
very  vascular  membrane,  of  a  dark  brown 
colour,  the  choroid,  which  is  advanced  be- 
hind the  cornea  under  the  form  of  a  verti- 
cally-hung contractile  curtain,  the  iris,  in 
the  centre  of  which  is  an  aperture,  the  pupil, 
capable,  by  varying  its  size,  of  regulating 
the  quantity  of  light  admitted  to  the  retina. 
To  allow  of  the  movements  of  the  iris,  the 
transparent  medium  across  which  it  is  ex- 
tended, and  which  fills  the  concavity  of  the 
cornea,  is  a.  fluid  one,  the  aqueous  humor. 
Behind  the  aqueous  humor  and  the  iris  is 
the  crystalline  lens,  the  most  solid  and 
highly  refracting  of  the  media,  imbedded  in 
the  front  of  the  third  humor,  the  vitreous, 
which  itself  occupies  nearly  four-fifths  of  the 
globe,  and  fills  and  supports  the  hollow  of 
the  retina.  To  hold  the  crystalline  in  its 
place,  the  choroid  is  fixed  to  the  outer  case 
at  the  junction  of  the  sclerotica  and  cornea, 
and  sends  inwards  a  circle  of  folds,  the 
ciliary  processes,  'fihXch  impress  and  fasten 
themselves  to  the  vitreous  humor  all  round 
the  lens. 

It  is  unnecessary  that  I  should  speak  at 
present,  even  in  general  terms,  of  the  mo- 
bility of  the  eye,  of  its  outer  protective 
appendages,  or  of  the  source  of  its  supply 
of  blood.  The  limits  to  which  I  am  con- 
fined oblige  me  to  proceed  at  once  to  those 
points  in  the  anatomy  of  the  globe  which 
more  immediately  concern  our  present  ob- 
ject. And,  first,  of  the  size  and  shape  of 
the  eyeball. 

Shape. — The  human  eye,  when  carefully 
separated  by  dissection  from  the  muscles 
implanted  in  it,  and  from  the  surrounding 
fat  and  areolar  tissue,  is  seen  to  be  about 
spherical  in  shape,  with  this  exception — 
that  the  cornea  which  forms  the  front  clear 
part,  whereby  the  light  has  access  to  the 
interior,  bulges  somewhat  beyond  the  rest, 
is  more  convex,  and  is  the  segment  of  a 
smaller  sphere.  The  sphere  of  the  sclerotica, 


however,  is  not  absolutely  geometrically 
true  in  all  cases,  or  even  generally.  I  have 
found  it  many  times  slightly  spheroidal, 
with  the  longer  axis  sometimes  transverse, 
sometimes  longitudinal  ;  and  even  other  and 
more  irregular  departures  from  the  exact 
spherical  shape  occur,  the  lateral  regions 
occasionally  presenting  trivial  swellings, 
chiefly  between  the  muscles,  and  not  affect- 
ing the  integrity  of  the  organ  as  an  optical 
instrument.  Behind,  where  the  retina  is 
spread  out,  the  sclerotica  is  thickest  and 
stiffest,  most  completely  retaining  its  proper 
curvature  even  after  it  has  been  cut  into 
small  pieces  ;  and  it  is  interesting  to  observe 
how  carefully  the  exactness  of  its  curvature 
in  the  posterior  region  has  been  provided 
for  in  the  construction  of  the  eye  generally 
in  tlie  animal  series  :  in  some  instances  by 
extraordinary  thickness  and  density  of  the 
fibrous  tissue  ;  in  others  by  the  development 
of  very  thick  or  highly  elastic  cartilage,  and 
even  bone,  in  its  stead. 

Size. — The  size  of  the  adult  human  eye 
varies  within  certain  limits,  as  might  have 
been  expected.  Nevertheless,  as  it  is  a  part 
which,  by  reason  of  its  complex  mechanism, 
and  the  peculiarity  of  some  of  the  textures 
it  comprises,  attains  its  complete  develop- 
ment, like  the  internal  ear,  before  most 
other  organs  of  the  body  have  reached  their 
adult  condition,  these  limits  are  very  con- 
fined, if  we  except  instances  amounting  to 
disease.  Of  many  measurements  which  I 
have  made,  the  general  result  is  that  the 
diameter  of  the  sclerotica  is  from  seven- 
eighths  of  an  inch  to  an  inch. 

The  transparent  cornea  forms  by  its  an- 
terior surface  a  portion  of  a  sphere,  the 
diameter  of  whicli  is  from  to  |^  of  an 
inch  (that  is,  of  usually  less  than  two-thirds 
of  an  inch),  and  it  often  happens  that  the 
surface  of  the  globe  recedes  or  is  depressed 
very  superficially  near  the  line  of  junction 
of  the  sclerotica  and  cornea.  The  cornea 
forms  from  one-sixth  to  one-seventh  of  the 
horizontal  ciixumference  of  the  whole  globe. 
In  considering  the  size  of  the  eye,  I  should 
guard  you  against  judging  of  it  in  any  de- 
gree by  the  size  of  the  aperture  of  the  eye- 
lids ;  the  latter,  indeed,  is  that  which  most 
governs  the  apparent  size  of  the  ball,  and  is 
also  of  much  importance  to  the  practical 
surgeon,  as  enabling  him  more  or  less  readily 
to  manipulate  in  his  operations  on  parts 
within  the  lids.  Moreover,  the  cornea  is 
often  apparently  smaller  than  it  really  is,  in 
consequence  of  a  degree  of  opacity  creeping 
over  its  border  in  the  declining  stages  of 
life. 

Tension  in  health  and  disease. — The  eye- 
ball has  naturally  a  certain  tension,  arising 
from  the  due  repletion  of  the  outer  case  with 
the  tissues  contained  within.  It  gives  a 
tight  or  resisting  feel  to  the  finger  applied 
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upon  it,  and  the  exact  degree  of  this  tension 
belonging  to  the  healthy  state  it  is  essential 
for  you  to  know,  both  that  you  may  be 
aware  of  the  resistance  your  instruments 
will  encounter,  and  also  that  you  may  be 
able  rightly  to  appreciate  by  the  touch  the 
departures  from  the  healthy  standard  of 
tension  which  occur  in  the  course  of  several 
diseases.  When  disorganizing  processes  have 
occurred  in  the  interior,  the  eyeball  fre- 
quently becomes  soft,  although,  perhaps, 
the  finger  alone  can  inform  you  of  this  evi- 
dence of  the  impaired  nutricion  of  the  organ. 
On  the  other  hand,  in  inflammations  of  an 
acute  kind  attacking  the  globe,  an  unnatural 
hardness  is  perceptible  on  pressure,  usually 
accompanied  by  that  dull  sickening  pain 
which  attends  distension  of  the  fibrous 
tissues,  and  due  in  this  case,  I  suppose,  in  a 
great  measure,  to  the  sclerotica  and  coj  nea. 
The  unyielding  nature  of  these  coats  occa- 
sions all  internal  distending  forces — as  vas- 
cular engorgements,  fibrinous  or  purulent 
effusions,  if  their  accession  has  been  sudden 
and  rapid, — to  react  in  the  way  of  counter- 
pressure  on  the  parts  within,  impairing  their 
functions  in  the  first  instance,  and  soon  irre- 
coverably destroying  them,  if  allowed  to 
continue  unchecked.  We  have  antilogous 
phenomena  in  the  case  of  other  organs  enve- 
loped, like  the  eye,  in  a  tunic  incapable  of 
hasty  dilatation. 

To  proceed  now  to  a  more  particular  ac- 
count of  the  sclerotica  and  cornea.  And 
first  of  the  sclerotica. 

Structure  of  the  sclerotica. — The  sclero- 
tica consists  of  a  very  dense  and  intricate 
interlacement  of  white  fibrous  tissue.  The 
surface  is  dead  white,  not  glistening,  like 
most  other  examples  of  the  tissue,  by  reason 
of  the  working  up  of  its  fibres  in  an  irre- 
gular way,  into  a  web  which  exhibits  little 
indication  of  their  course.  In  tendons,  in 
fasciae,  even  in  the  dura  mater,  a  silvery 
lustre  results  from  the  parallel  course  of 
contiguous  fibres ;  and  the  small  creases  oc- 
curring on  these  confer  a  satiny  surface,  which 
is  extremely  characteristic  and  beautiful  :  but 
this  is  not  the  case  with  the  sclerotica. 
Those  parts  of  it  which  are  seen,  as  the 
white  of  the  eye,  have  no  lustre  of  their 
own  :  the  brilliant  reflection  of  light  is  rather 
from  the  moist  surface  of  the  investing  con- 
junctiva, set  off',  it  is  true,  by  the  opaque 
dead  white  of  this  tunic  behind.  The  fibres 
of  the  sclerotica,  when  unravelled  from  one 
another,  and  examined  in  minute  portions 
under  a  high  magnifying  power,  do  not 
quite  resemble  those  of  tendon  and  fascia  : 
they  are  more  straight  and  stiff',  less  wavy, 
less  connected:  they  also  tear  and  break 
more  easily,  so  that  you  cannot  run  them 
out  into  such  long  shreds  as  in  the  case  of 
tendon  or  ligament.     Nevertheless,  they 


swell  out  and  become  semi-transparent  with 
acetic  acid  or  the  caustic  alkalies,  just  as 
ordinary  white  fibrous  tissue.  You  can  best 
see  the  characteristic  diff'erences  I  have  now 
alluded  to  in  the  posterior  part  of  the  scle- 
rotica of  the  ox  or  sheep.  This  much  re- 
sembles the  thick  coat  of  the  air-bladder  of 
the  sturgeon,  which  I  had  once  an  oppor- 
tunity of  examining  in  the  fresh  state,  and 
it  is  possible  that  it  might  even  be  made  to 
yield  isinglass  like  that  structure.  There  is 
also  a  good  deal  of  yellow  elastic  tissue 
intermixed  with  the  white  in  the  sclerotica. 

But  although  it  cannot  be  said  that  the 
fibres  of  the  sclerotica  are  arranged  with 
regularity,  yet  they  appear  to  have  a  more 
or  less  determinate  direction  from  behind 
forwards  in  the  hinder  and  middle  portion  ; 
and  we  may  also  observe  on  the  inner  sur- 
face, after  the  choroid  has  been  removed,  an 
appearance  of  arching  fibres,  having  their 
convexities  turned  forwards,  ;  and,  more- 
over, the  anterior  part  usually  presents  a 
different  arrangement  on  its  outer  and  inner 
surfaces,  the  fibres  of  the  former  being  more 
circular,  following  somewhat  the  border  of 
the  cornea,  especially  over  the  insertion  of 
the  recti  muscles  ;  while  those  of  the  latter 
are  more  obviously  directed  forwards. 

With  reference  to  this  subject,  I  may 
refer  to  the  mode  of  implantation  of  the 
tendons  of  the  recti  muscles  into  the  scle- 
rotica. These,  as  is  well  known,  become 
flattened  and  expanded  somewhat  before 
joining  the  sclerotica ;  and  I  believe  it  is  a 
common  opinion  that  they  join  side  to  side, 
and  spread  out  as  a  kind  of  external  invest- 
ment to  the  front  of  the  sclerotica,  advancing 
up  to  the  cornea,  and  constituting  the  white 
tunic  which  is  visible  between  the  lids.  I 
do  not  find,  however,  that  this  description, 
as  regards  the  human  eye,  agrees  with  na- 
ture. On  the  contrary,  the  tendons  of  the 
recti  appear  to  be  truly  implanted  into  the 
sclerotica,  penetrating  its  substance,  so  as  to 
be  buried  from  view,  and  leaving  its  exterior 
layers  exposed  under  the  conjunctiva.  I 
have  several  times  traced  the  continuation  of 
these  tendons  for  a  considerable  way  for- 
wards in  the  middle  substance  of  the  sclero- 
tica, to  a  certain  extent  making  a  division  of 
it  into  an  inner  and  outer  layer,  and  gra- 
dually becoming  lost  to  the  eye,  as  they 
break  up  into  lamiuse,  and  blend  with  the 
neighbouring  structure  very  near  the  margin 
of  the  cornea. 

ThicJmens  of  the  sclerotica  at  different 
parts. — It  may  not  seem  very  important  in 
a  practical  ))oint  of  view  to  inquire  into  the 
relative  thickness  of  the  sclerotica  at  diffe- 
'rent  parts  of  its  extent.  It  is  interesting, 
however,  in  a  physiological  sense,  especially 
with  reference  to  comparative  anatomy,  and 
is  really  not  without  its  practical  bearings, 
since  we  find  the  effects  of  certain  morbid 
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actions  to  be  limited  or  otherwise  modified 
in  correspondence  with  it.  The  sclerotica  is 
thickest  behind,  for  the  sustentation  of  the 
retina,  and  for  the  preservation  of  its  due 
curvature  at  the  most  material  spot.  Around 
the  foramen  by  which  the  optic  nerve  enters 
to  the  retina,  and  which  is  near  the  bottom 
of  the  eye,  the  sclerotica  is  about  ^'^  of  an 
inch  thick.  Hence  it  becomes  thinner  for- 
wards' as  far  as  to  a  quarter  of  an  inch 
behind  the  cornea,  where  it  is  only  about  ■^'^ 
of  an  inch  thick.  From  this  line  to  tlie 
cornea  it  again  increases  in  strength,  and  is 
from  -gJ^  to  -g'y  of  an  inch  thick,  so  as  to  be 
able  to  give  greater  support  to  some  of  the 
internal  parts,  which  I  shall  have  to  speak  of 
in  a  subsequent  lecture.  In  the  monkey  I 
have  found  this  front  part  the  thickest  of 
all. 

The  recti  muscles  being  inserted  as  de- 
scribed, groove  the  sclerotic  before  enter- 
ing it,  and  hence  this  membrane  is  rendered 
very  thin  immediately  behind  their  inser- 
tion, hardly,  in  fact,  being  more  than  of 
an  inch  thick  in  those  parts.  These  being, 
therefore,  the  weakest  parts,  are  those  which 
might  be  expected  to  yield  earliest  under 
any  inward  distending  force;  and  accordingly 
I  have  observed  that  abscesses  of  the  eye- 
ball are  prone  to  point  in  these  situations. 
While  upon  the  subject  of  the  insertion  of 
the  recti  muscles,  it  may  be  mentioned  that, 
in  cases  where  the  contents  of  the  globe  are 
diminished  in  quantity,  as  a  result  of  pre- 
existing inflammation  of  a  destructive  kind, 
and  the  eye  consequently  shrinks  to  a  smaller 
size,  the  softness  of  the  organ  allo.vs  the 
recti  muscles  to  impress  it  in  the  lines  of 
their  transit,  and  to  bulge  it  in  their  inter- 
vals, thus  pinching  it,  as  it  were,  into  a 
quadrangular  shape.  In  such  examples  the 
thinner  parts  of  the  sclerotica  under  the 
tendons  of  the  recti,  being  pressed  upon  by 
those  tendons,  and  unsupported  from  within, 
are  sunk  in  or  flattened. 

We  will  now  turn  our  attention  in  a  more 
particular  manner  to  the  transparent  portion 
of  the  outer  case,  the  cornea,  a  part  of 
which  it  would  be  difficult  to  exaggerate  the 
importance  in  reference  to  the  operative 
surgery,  or  the  pathology  of  the  eyeball,  and 
which  can  hardly  fail  to  attract  your  interest 
in  a  high  degree,  however  imperfect  my 
description  of  it  may  prove. 

I  shall  not  stop  to  inquire  what  light 
comparative  anatomy,  or  the  early  stages  of 
its  development,  might  throw  on  the  true 
affinities  and  nature  of  this  structure,  but 
will  merely  observe  that  there  is  some 
reason  to  suppose  that  the  cornea,  considered 
from  this  point  of  view,  comprises  tw(J 
orders  of  parts — one  belonging  to  the  nervous 
vesicle  which  forms  the  earliest  indication  of 
the  appearance  of  the  eye  in  the  early 
embryo  ;  the  other,  and  the  arger,  pertaining 


to  the  outer  integument.  I  prefer,  on  this 
occasion,  remembering  the  object  before  us, 
to  take  the  cornea  as  we  find  it  in  the  adult 
human  subject,  and  to  describe  it,  layer  by 
layer,  as  it  actually  exists  in  those  in  whom 
you  will  be  called  upon  to  study  and  relieve 
its  morbid  states. 

Fig.  I. 

a 

Relative  size  of  the  two  surfaces  of  the 
cornea  in  one  instance  :  a,  anterior  sur- 
face; p,  posterior  surface. 

The  cornea  is  nearly  circular  in  shape, 
though  we  often  find  it  wider  from  side  to 
side  than  from  above  downwards.  Its 
anterior  surface  is  generally  less  extensive 
than  its  posterior,  sometimes  considerably 
so.  The  edge,  therefore,  by  which  it  is 
continuous  with  the  sclerotica  will  be  bevelled, 
so  that  the  sclerotica  will  overlap  a  little. 
Sometimes,  on  looking  at  the  surface  of  a 
vertical  section  of  these  parts  at  their  junc- 
tion, we  see  the  cornea  received  as  it  were 
into  a  groove  of  the  sclerotica,  but  even 
here  the  hinder  surface  of  the  cornea  is 
almost  invariably  the  more  exteasive  ;  and 
I  cannot  say  that  1  have  ever  seen  an  in- 
stance in  which  the  bevelling  was  reversed, 
so  that  the  cornea  should  overlap  the  scle- 
rotica. 

The  two  surfaces  of  the  human  cornea 
are,  as  far  as  I  can  judge,  perfectly  parallel 
to  one  another — that  is,  their  corresponding 
points  are  equidistant,  and  the  substance  of 
the  cornea  is  of  the  same  thickness  through- 
out. This  has  been  doubted  by  some 
anatomists,  who  have  described  the  central 
part  as  thicker  than  the  margins,  and  have 
supposed  that  the  cornea  was  a  meniscus- 
convergent  lens,  capable  of  magnifying 
objects.  But  the  mode  employed  to  prove 
this,  viz.  that  of  first  dipping  the  detached 
cornea  into  water  to  smooth  its  surfaces, 
and  then,  holding  it  over  objects,  finding  it 
act  as  a  slight  magnifier,  seems  open  to 
fallacy,  since  the  only  way  in  which  it  can 
be  conveniently  held  is  with  the  convex  edge 
downwards,  in  which  position,  the  water 
still  adhering  would  fall  to  the  central  part, 
and  make  a  lens  of  it.  But  I  have  failed  to 
find  the  membrane  magnify  when  secured 
against  this  source  of  error  ;  and,  moreover, 
an  exact  vertical  section  of  a  recent  cornea 
exhibits  an  uniform  thickness.  When  the 
part  has  been  macerated  it  swells  somewhat, 
and  bulges  less  at  the  sides  where  it  is  tied 
to  the  sclerotica  than  in  the  rest  of  its  extent. 
I  need  not  observe  that  the  cornea,  though 
not  itself  a  lens,  yet  acts  as  a  powerful  con- 
verger of  the  rays  of  light  by  virtue  of  the 
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aqueous  humour,  which  differs  little  from  it 
in  density,  filling  up  its  concavity  in  the 
natural  state.  That  the  cornea  is  not 
thicker  in  the  middle  is  indicated  by  the 
phenomena  of  the  disease  called  conical 
cornea,  in  which  the  weak  or  bulging  part 
is  always  at  or  near  the  central  region.  In 
fishes  the  cornea  is  much  thinner  in  the 
middle,  to  allow  for  the  very  projecting 
lens. 

The  absolute  thickness  of  the  cornea  is 
greater  than  that  of  the  anterior  region  of 
the  sclerotica,  being,  according  to  the  mea- 
surements 1  have  made,  from  about  T^d  to 
the  5^d  of  an  inch.  These  measurements 
exhibit  considerable  variety,  which  it  is 
important  for  the  practical  surgeon  to  be 
aware  of. 

The  first  portion  of  the  cornea  that  comes 
under  our  review  is  the  cornea  proper,  or 
the  lamellated  tissue.  It  is  this  which 
forms  the  greatest  proportion  of  the  thick- 
ness of  the  cornea,  and  gives  it  strength  and 
toughness.  It  is  bounded  externally  by  a 
peculiar  lamina,  the  anterior  elastic  lamina, 
on  which  rests  the  anterior  or  conjunctival 
epithelium,  and  it  is  bounded  behind  by 
another  peculiar  lamina,  the  posterior  elas- 
tic lamina,  behind  which  is  the  epithelium 
of  the  aqueous  humor.  It  is  the  cornea 
proper  alone  which  is  strictly  continuous 
with  the  sclerotica. 

Of  the  cornea  proper.  —  That  the 
cornea  proper  is  lamellated  has  long 
been  known,  and  may  be  shown  in  a 
variety  of  ways.  If  a  flap  be  shaped  out  on 
its  surface  by  superficial  incisions  and  then 
torn  up,  the  surface  of  laceration  will  be 
nearly  parallel  to  the  outer  surface,  and  in 
this  way  layer  after  layer  may  be  removed, 
especially  in  the  eyes  of  the  larger  do- 
mestic quadrupeds.  The  knife,  too,  espe- 
cially if  blunt,  having  once  pierced  this 
tissue,  is  found  to  pass  most  readily  in 
a  horizontal  direction,  at  whatever  depth. 
These  are  circumstances  with  which  all 
should  render  themselves  practically  familiar 
who  propose  to  make  the  living  eye  the 
subject  of  their  operations.  This  physical 
construction  of  the  lamellated  cornea  makes 
it  desirable  for  the  surgeon,  when  about  to 
penetrate  the  cornea,  to  thrust  the  knife 
somewhat  perpendicularly  into  it,  since  the 
arrangement  of  the  tissue  tends  to  carry  the 
instrument  in  a  horizontal  course.  The 
lamellated  cornea  is  tough,  unyielding,  and 
almost  perfectly  transparent ;  and  it  is 
interesting  to  study  the  precise  nature  of  its 
lamellse,  because  there  are  facts  which  show 
that  its  transparency  is  very  easily  impaired 
by  any  derangement  of  their  relative  position, 
01  by  an  increase  of  their  natural  tension. 
For  example,  if  a  thin  vertical  section  of 
this  part  be  made,  and  laid  upon  a  slip  of 
glass  moistened  with  water,  it  remains  trans- 


parent ;  but  if  you  attempt  to  stretch  it,  in 
whatever  direction,  or  to  compress  its  parts 
into  a  smaller  space,  it  instantly  becomes 
milky  and  opaque.  Again,  if  you  squeeze 
a  fresh  and  perfect  eye  between  the  finger 
and  thumb,  the  cornea,  it  is  well  known, 
becomes  immediately  opaque  in  your  hand, 
but  quite  recovers  itself  as  you  remit  the 
pressure :  and  in  all  cases  the  degree  of 
opacity  is  proportionate  to  the  pressure  yon 
exert.  This  is  a  very  remarkable  experi- 
ment, and  may  serve  to  illustrate  in  some 
measure  the  opacity  or  haze  of  the  cornea, 
which  is  apt  to  occur  at  an  early  stage  of 
acute  internal  inflammation  of  the  eyeball, 
attended  with  great  engorgement  of  its 
vessels — a  state  also  elucidated  by  what 
occurs  in  artificial  injections  of  the  eye,  for 
when  the  vessels  become  gorged,  and  the 
globe  tense  and  hard,  the  cornea  invariably 
grows  dim,  and  shuts  off  the  iris  from  view. 

Now,  that  the  lamellae  of  the  lamellated 
cornea  are  not  individually  co-extensive  with 
the  cornea  itself  is  easily  proved  by  a  vertical 
section,  in  which  we  see  the  lines  bounding 
the  lamellse  to  be  very  limited  and  inter- 
rupted, not  extending  far  along  the  cut  sur- 
face ;  the  same  view  proves  the  lamellae  to 
run  into  one  another  at  very  numerous  points 
throughout  the  entire  cornea,  so  that  the 
interspaces  are  very  limited  in  their  superfi- 
cial extent ;  though  their  number  is  corre- 
spondingly great.  Moreover,  in  tearing  up 
a  flap  in  the  way  I  have  already  alluded  to, 
innumerable  connexions  between  the  lamellse 
are  seen  to  be  torn  through,  and  the  surface 
exposed  is  not  smooth,  but  covered  with 
numberless  minute  lacerations  of  tissue.  It 
would,  therefore,  be  most  correct  to  say 
that  the  strength  of  the  tissue  lies  in  a  hori- 
zontal rather  than  in  a  vertical  direction — 
that  the  horizontally-extended  elements  are 
thicker,  and  stronger,  and  less  easily  lace- 
rable,  than  the  more  delicate,  more  fragile, 
vertically-placed  elements  which  connect 
them  with  one  another.  Now  if  we  endea- 
vour to  count  the  superposed  lamellse,  it  is 
evident  that  we  can  arrive  at  no  very  exact 
result,  in  consequence  of  their  mutual  con- 
nexions and  overlappings  :  but  nevertheless 
it  will  be  found  in  general,  that  on  the 
surface  of  a  vertical  section,  somewhere  about 
sixtyintervenebetweenany  two  corresponding 
points  on  the  opposite  surfaces  of  the  tissue. 

There  is  a  fact  of  some  interest  to  be 
lenrnt  from  such  a  section,  if  it  be  made  ex- 
tremely thin,  and  it  is  this  : — that  the  con- 
nections between  the  horizontally-extended 
lamellse  of  the  cornea  are  themselves  mem- 
branous or  lamelliform,  and  not  mere  fibres  ; 
for  on  opening  out  the  lamellse,  so  as  to  en- 
large their  interspaces,  very  delicate  mem- 
branes are  seen  jiassing  from  one  to  another, 
and  it  is  but  rarely  that  complete  perforations 
exist,  however  thin  the  section  have  been 
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made.  In  such  specimens,  viewed  under  a 
high  power,  we  have  a  faintly  fibrous  texture 
apparent  in  even  the  most  delicate  of  these 
films  of  membrane,  the  fibrous  elements 
being  held  together  in  that  form  by  an  homo- 
genous intervening  substance. 

The  nature  of  the  interstices  of  the  corneal 
tissue  does  not  appear  to  have  been  particu- 
larly inquired  into.  It  has  been  generally 
considered  that  the  interlamellar  spaces  are 
themselves  flattened  or  lamelliform,  and  that 
they  contain  fluid  in  sufficient  quantity  to 
fall  easily  from  one  part  to  another  ;  and  it 
has  been  imagined  that  inflammatory  pro- 
ducts, lymph  or  pus,  might  gravitate  in  such 
natural  spaces  to  the  most  dependent  part 
of  the  cornea.  For  the  existence  of  fluid, 
stress  has  been  jastly  laid  on  the  fact,  that  if 
we  lay  bare  the  corneal  tissue  and  make 
strong  pressure  on  the  globe,  we  shall  ob- 
serve first  a  dewy  moisture,  and  then  distinct 
drops  of  transparent  fluid  over  the  entire 
surface.  But  this  shews  the  porosity  of  the 
entire  cornea,  rather  than  the  existence  of 
free  fluid  in  its  interspaces  ;  for  in  the  per- 
fectly fresh  eye  the  dew  does  not  form  until 
the  pressure  has  been  kept  up  for  some  time, 
and  under  continued  pressure  the  aqueous 
humour  gradually  passes  out ;  while  if  this 
humour  have  been  previously  evacuated  by 
puncture  and  replaced  by  air,  no  dew  forms 
upon  the  surface.  Moreover,  an  incision 
into  the  lamellated  cornea  does  not  set  free 
any  visible  fluid.  It  has  been  sometimes 
thought  that  pressure  produces  opacity  of 
the  cornea,  by  driving  out  fluid  from  its  in- 
terstices, but  the  return  of  transparency  is  so 
simultaneous  over  the  whole  surface,  when 
the  pressure  is  remitted,  as  to  forbid  the 
supposition  of  any  fluid  having  escaped  and 
re-entered  at  the  border,  while  the  presence 
or  absence  of  the  aqueous  humour  does  not 
affect  the  result  at  all :  pressure  produces 
opacity  if  the  chambers  are  filled  with  air. 
Hence  it  may  be  concluded  that  the  fluid 
existing  in  the  corneal  tissue  is  only  suffi- 
cient to  moisten  its  elements,  not  enough  to 
lie  free  in  its  interstices  :  and  further,  that 
the  elementary  lamellse  are  naturally  in 
contact  with  one  another,  much  in  the  same 
way  that  the  filaments  of  the  areolar  tissue 
touch  one  another  in  other  parts. 

Of  the  corneal  tubes. — Being  desirous 
some  years  ago  to  discover  whether  the  in- 
terstices of  the  cornea-proper  had  any  regular 
shape  or  arrangement,  I  made  a  small  punc- 
ture near  the  border  of  the  cornea  of  an  ox, 
and,  introducing  the  mouth  of  a  mercurial 
injecting  tube,  was  delighted  to  find  the 
metal,  under  gentle  pressure,  running  in  a 
beautiful  and  curious  manner,  quite  unlike 
anything  that  occurs  in  any  other  tissue,  and 
from  its  constancy  and  peculiar  figure  evi- 
dently demonstrative  of  a  natural  structure. 
The  mercury  coursed  rapidly  along  in  per- 


fectly parallel  and  very  delicate  lines  for  a 
short  distance,  then  diverged  at  an  angle 
into  other  similar  tubes,  which  were  found 
to  cross  the  former  either  above  or  below. 
The  tubular  spaces  thus  injected  appeared  to 
be  jointed  or  broken  at  varying  intervals, 
and  to  present  what  in  the  nerve-tubes 
would  be  trrmed  a  varicose  condition.  The 
whole  lamellated  cornea  was  filled  with  such 
tubes,  for  at  whatever  depth  or  part  the 
mercury  was  inserted  the  same  results  fol- 
lowed ;  although  from  the  unnatural  disten- 
sion occasioned  by  even  a  small  extent  of 
such  injection,  it  was  impossible  in  a  single 
specimen  to  fill  the  interstices  of  every  por- 
tion of  it,  and  at  different  depths,  at  one  and 
the  same  time.  These  definitely- marked 
passages  in  the  corneal  tissue  it  seemed  not 
very  easy  to  force  or  burst,  but  when  the 
mercury  was  urged  to  that  extent  it  separated 
the  horizontal  lamellae  for  a  greater  or  less 
space,  and  formed  irregular  flat  patches, 
very  similar  in  shape  to  those  which  are  met 
with  in  the  morbid  state  known  as  onyx, 
and  which  latter,  I  therefore  conclude,  is 
attended  with  a  breaking  down  of  the  mem- 
branous connections  between  the  horizontal 
lamellae — connections  which  form  the  side 
walls  of  the  corneal  tubps  now  described. 
Fig.  2. 


Fig.  2. — Tubes  of  the  cornea  of  the  ox,  in- 
jected with  mercury. 

I  found  that  I  could  inject  the  tubes  with 
size  and  vermihon  quite  as  definitely,  though 
not  so  easily,  or  so  as  to  form  so  beautiful 
an  object,  as  with  mercury  ;  but  this  fact 
was  sufficient  to  prove  that  the  peculiar  va- 
ricosities of  the  tubes  were  not  a  false 
appearance  due  to  the  tendency  which 
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mercury  has  to  collect  itself  into  the  globular 
form. 

What  I  have  now  mentioned  is  what  oc- 
curred with  the  cornea  of  a  large  quadruped. 
I  found  it  far  more  difficult  to  make  a  similar 
injection  of  the  human  cornea,  or  of  that  of 
the  cat  or  smaller  animals,  and  it  is  not 
probable  that  interstices  of  equal  size — 
perhaps  hardly  of  the  same  shape  and  ar- 
rangement— exist  in  the  latter  specimens. 
From  the  greater  thinness  of  the  membrane, 
and  the  greater  proximity  of  the  entire 
tissue  to  the  vascular  arches  from  which  its 
nutrient  supply  is  drawn,  it  may  be  sup- 
posed that  such  a  free  and  ample  system  of 
canals  may  be  dispensed  with.  In  the 
human  cornea,  however,  (as  in  fig.  3)  I  have 
clearly  seen  a  tubular  arrangement  of  the 
interstices  under  favourable  circumstances  : 
although,  in  general,  the  tissue  too  readily 
gives  way  under  the  distending  force  which 
it  is  requisite  to  employ.  The  length  of  the 
canals  between  the  constrictions  does  not 
exceed  the  12th  of  an  inch,  and  is  for  the 
most  part  much  less,  while  their  width  is 
from  l-500th  to  l-600th  of  an  inch  :  this  is 
in  the  human  cornea. 


iiiG.  3. 


Fig.  3. — Tubes  of  the  human  cornea,  in- 
jected with  mercury.  At  a  a  extravasa- 
tion has  occurred. 

It  might  be  conceived  that  these  corneal 
tubes  were  a  modified  form  of  lymjihatic 
vessels,  as  it  is  generally  thought  that  a  close 
lymphatic  net-work  may  be  injected  in  a 
somewhat  similar  fashion  under  the  skin  and 
in  other  parts.  But  1  have  not  found  the 
mercury  escaping  along  the  lymphatic  trunks 


when  pushed  from  the  cornea  towards  the 
sclerotica.  On  the  contrary,  it  requires  hard 
pressure  to  make  it  escape  from  the  cornea 
at  all,  and  then  it  enters  the  anterior  cham- 
ber of  the  eye,  or  the  space  between  the 
sclerotica  and  choroid,  or  even  subconjuncti- 
val blood-vessels.  Hence  it  is  probable  that 
the  corneal  tubes  do  not  communicate  di- 
rectly with  any  other  set  of  vessels  or 
natural  channels. 

With  regard  to  the  use  of  these  corneal 
tubes,  we  shall  probably  not  be  far  wrong  in 
supposing  that  they  serve  to  promote  and 
facilitate  the  permeation  of  this  thick  non- 
vascular structure  by  those  fluid  portions  of 
the  blood  which  alone  have  access  to  it. 
Whether  the  s|)ecial  arrangement  of  the 
tubes  which  I  have  described  is  concerned  in 
endowing  the  cornea  with  its  necessary 
transparency,  it  does  not  seem  possible  to 
determine.  It  might  be  imagined  to  contri- 
bute to  hold  all  the  lamellae  in  place,  and 
to  prevent  derangement  of  their  relative 
position.  A  brief  account  of  these  and  other 
points  which  I  shall  notice  is  given  in  the 
third  part  of  the  Physiological  Anatomy  and 
Physiology  of  Man,  just  published  by  Dr, 
Todd  and  myself. 

I  have  already  stated  that  the  lamellated 
tissue  of  the  cornea  is  the  only  one  which, 
properly  speaking,  is  continuous  with  the 
sclerotica.  This  continuity  is  so  perfect 
that  the  two  textures  cannot  be  torn  asunder, 
or  in  any  way  be  shewn  capable  of  detach- 
ment along  the  line  of  junction.  Even 
maceration  is  not  capable  of  efli'ecting  their 
separation,  and  if  we  consider  the  close 
affinities  of  the  two  structures,  and  their 
mode  of  union,  it  will  be  easy  to  understand 
the  reason  of  this.  In  fact,  both  belong  to 
the  class  of  fibrous  tissues,  and  have  very 
similar  physical  and  chemical  properties. 
The  fibrous  bundles  of  the  sclerotica,  intri- 
cately interlaced  and  intermixed  with  threads 
of  yellow  elastic  tissue,  become  continuous 
at  the  border  with  the  lamellae  of  the  cornea. 
The  elementary  parts  of  the  one  join  on  to 
those  of  the  other ;  the  interstices,  which 
are  irregular  and  open  on  all  sides  in  the 
sclerotica,  assume  a  regular  arrangement, 
and  become  tubular  in  the  cornea.  On  the 
surface  of  a  very  thin  vertical  section  of  the 
two  structures,  carried  through  their  line  of 
junction,  the  ti  ansition  of  one  into  the  other 
can  be  very  satisfactorily  traced.  By  acetic 
acid  the  sclerotica  swells  and  becomes  trans- 
parent, and  exhibits  the  yellow  fibrous 
element  of  its  structure,  and  also  sparing 
nuclei,  like  those  belonging  to  tendinous 
parts.  By  the  same  agent,  the  cornea  first 
grows  opaque  as  the  arrangement  of  its  parts 
IS  interfered  with  by  the  swelling  of  the 
tissue  during  the  progress  of  the  acid  through 
It,  but  subsequently  it  all  very  nearly  re- 
sumes its  transparency,  merely  displaying 
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here  and  there  on  the  surface  of  its  lamellae 
the  elongated  nuclei  which  were  previously 
indistinctly  seen,  and  which  correspond 
closely  with  those  of  the  sclerotica  and  other 
fibrous  tissues.  The  description  of  the 
lamellated  cornea  will  be  most  conveniently 
concluded  in  connexion  with  that  of  the 
anterior  elastic  lamina,  to  which  I  shall, 
therefore,  now  direct  your  attention. 

The  anterior  elastic  lumina  has  not 
hitherto,  as  far  as  I  know,  been  distin- 
guished by  anatomists,  and  yet  it  seems  a 
structure  of  a  very  interesting  kind,  an  ac- 
quaintance with  which  will  perhaps  enable 
us  to  discriminate  some  morbid  phenom  na 
from  others  with  which  they  have  been 
classed.  It  is  a  continuous  sheet  of  ho- 
mogeneous membrane,  nearly  similar  in  es- 
sential characters  to  the  posterior  elastic 
lamina  of  the  cornea  and  the  capsule  of  the 
lens,  being  perfectly  transparent  and  glassy, 
without  appearance  of  internal  structure, 
and  being  very  slightly  or  not  at  all  influenced 
by  acids  or  by  boiling.    Its  thickness  in 

Fig.  4. 


G.  4. — Vertical  section  of  the  human 
cornea  near  the  surface.  a,  anterior 
elastic  lamina  ;  b,  conjunctival  epithelium  ; 
c,  lamellated  tissue  ;  d,  intervals  beiween 
the  lamellte,  showing  the  position  of  the 
corneal  tubes  collapsed  ;  e,  nucleus  of  the 
lamellated  tissue  ;  ff,  fibrous  cordage  sent 
down  from  the  anterior  elastic  lamina. 
Magnified  300  diameters. 

thehuman  eye  is  from  about  y^^iyth  to  j^^th 
of  an  inch,  and  it  forms  an  unbroken  co- 
vering to  the  whole  laminated  cornea,  giving 
it  that  smooth  glistening  surface  which  is 
exposed  by  scrajjing  off  the  conjunctival 
epithelium.  This  latter  rests  upon  it  as  the 
epithelium  does  upon  the  basement  mem- 


brane in  other  situations,  and  I  may  observe 
that  it  appears  to  me  to  be  strictly  a  highly- 
developed  form  of  the  basement  membrane 
of  the  mucous  system,  remarkably  modified 
in  this  particular  part  to  answer  a  special 
purpose.  The  manner  in  which  the  anterior 
elastic  lamina  is  united  to  the  lamellae  which 
it  serves  to  cover  is  very  interesting.  It 
must  be  borne  in  mind  that  the  anterior 
surface  of  the  cornea  is  convex,  and  that 
the  maintenance  of  its  exact  curvature  is  of 
primary  importance  to  vision,  as  it  is  there 
that  the  first  inflexion  of  the  rays  of  light 
falling  on  the  eye  takes  place :  and  further, 
that  the  conjunctival  epithelium  being  a  soft 
and  fragile  substance,  must  take  the  figure 
of  the  surface  on  which  it  rests  :  hence, 
probably,  the  arrangement  I  am  about  to 
mention.  The  anterior  elastic  lamina,  a 
firm,  resisting,  uniform  layer,  placed  in 
front  of  the  more  soft  and  porous  lamellated 
tissue,  is  tied  down  to  the  anterior  lamellae, 
at  innumerable  points,  by  filaments  of  similar 
texture  to  itself,  which  it  sends  in  among 
them.  These,  as  they  penetrate  the  lamellae, 
divide  and  expand  in  such  a  manner  as  to 
take  firm  hold  of  them,  and  are  thus  gra- 
dually spent  among  the  four  or  five  lamellae 
which  lie  nearest  to  the  surface.  It  is  sin- 
gular, too,  that  these  filaments  are  not  sent 
vertically,  but  everywhere  in  a  slanting 
direction  among  the  lamellae,  so  that  in  a 
vertical  section  they  appear  to  cross  one 
another  at  right  angles.  This  arrangement 
might,  I  imagine,  be  shown,  on  mechanical 
principles,  to  be  the  best  possible  for  the 
maintenance  of  the  convexity  of  the  front  of 
the  cornea.  It  is  obvious,  from  the  elabo- 
rate manner  in  which  the  anterior  elastic 
lamina  is  thus  tied  down  to  the  lamellated 
texture,  that  it  can  hardly  be  raised  as  a  se- 
parate layer ;  and  it  is  this,  probably,  which 
has  hitherto  kept  it  concealed.  In  fact,  it 
scarcely  admits  of  being  demonstrated  except 
on  the  face  of  a  section  of  the  cornea. 

The  anterior  elastic  lamina  becomes  ex- 
ceedingly  thin,  and  disappears,  at  the  margin 
of  the  cornea,  its  attenuation  being  accom- 
panied by  an  increase  in  the  number  and 
size  of  the  filaments  which  it  sends  down  to 
the  lamellated  tissue;  so  that  it  seems  to 
expend  itself  by  giving  origin  to  these  fila- 
ments. And  from  its  extreme  border, 
where  it  ceases  to  be  distinguishable,  a  great 
abundance  of  them  runs  into  the  sclerotica, 
in  that  slanting  direction  which  the  elastic 
lamina  would  have  itself  taken  if  it  had 
been  prolonged  in  the  same  curve.  These 
filaments  mingle  with  the  element^of  the 
sclerotica,  and  are  gradually  lost  among  its 
middle  fibres.  The  artificial' mode  in  which 
the  margin  of  the  anterior  elastic  lamina  is 
thus  fixed,  may  be  roughly  likened  to  that  of 
the  awning  of  a  tent :  it  is  rendered  much 
more  obvious  if  a  thin  vertical  section  of  the 
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parts  at  the  junction  of  the  sclerotica  and 
cornea  be  treated  with  acetic  acid. 

Tliat  this  lamina,  although  apparently 
homogeneous,  like  a  sheet  of  glass,  is  very 
permeable  to  fluids,  as  is  the  capsule  of  the 
lens,  may  be  readily  shewn  by  squeezing  an 
eye  after  the  conjunctival  epithelium  h-is 
been  scraped  off:  the  small  drops  which 
collect  on  the  surface  rest  upon  this  lamina 
after  having  transuded  through  it. 

The  existence  of  this  lamina  will  help,  I 
think,  to  explain,  what  must  have  often 
puzzled  surgeons,  viz.,  the  tenacity  with 
which  small  particles  of  steel,  or  other  sharp 
angular  fragments,  stick  in  the  front  of  the 
cornea  only  just  within  the  surface.  These 
will  often  remain  for  many  days,  or  even 
weeks,  and  prove  the  cause  of  much  inflam- 
mation, and  yet  still  be  found  difficult  of 
extraction  ;  which  could  hardly  be  the  case 
if  the  lamellated  tissue  and  the  conjunctival 
epithelium  were  the  only  textures  in  which 
such  particles  could  be  imbedded. 

The  conjunctival  epithelium  of  the  cornea 
may  be  now  conveniently  adverted  to  :  it  is 
that  delicate,  soft,  almost  pulpy  layer,  which 
forms  the  anterior  surface  of  the  cornea, 
and  is  so  easily  raised  by  the  knife  or  needle. 
It  is  a  continuation  of  the  epithelium  of  the 
conjunctiva  covering  the  front  of  the  sclero- 
tica and  lining  the  lids,  and  consequently  of 
the  cuticular  investment  of  the  body  It  is 
a  familiar  fact,  that  in  animals  which  cast 
their  entire  skin  periodically,  this  layer  is 
detached  with  the  rest  of  the  epidermis. 

In  those  animals  which  lose  and  renew 
the  cuticle,  by  a  constant  process,  unmarked 
by  periods  of  intermission,  the  superficial 
)>articles  are  gradually  shed  after  arriving  at 
their  mature  state,  while  others  are  as  gra- 
dually originated  in  the  deepest  region,  on 
the  tissue  which  serves  as  a  basis  of  support, 
and  near  which  lies  the  source  of  their  nutri- 
ment.   This  is  precisely  what  occurs  on  the 
outer  surface  of  the  cornea  in  the  human  eye. 
The  epithelial  particles  are  exceedingly  trans- 
parent, but  in  position,  form,  and  mode  of 
growth  and  decay,  they  bear  a  close  resem- 
blance  to   the    epidermis.     In  different 
animals  the  number  of  epithelial  layers  varies 
according  to  the  size  of  the  eye ;  in  man, 
they  constitute  only  a  triple  or  quadruple 
series,   altogether  not  exceeding  the  -gi;^ 
of  an  inch  in  thickness.    The  deepest,  which 
rest  on  the  anterior  elastic  lamina  as  on  a  : 
basement  membrane,  are  slightly  elongated  | 
vertically,  and  stand  endwise  ;  the  next  are  j 
angular,  or  subglobular  in  shape,  and  the  ' 
most  superficial  are  flattened  scales,  more  or  I 
less  overlapping  one  another,  and  of  a  darker  ' 
hue  than  the  others  when  seen  by  transmitted  ' 
light.    The  imbricated  scales  of  the  surface 
have  their  minute  inequalities  filled  up  in  the 
natural  state  by  the  watery  secretion  of  the 
lacrymal  gland,  so  as  to  present  a  nearly 


smooth  refracting  surface  to  the  impinging 
rays  of  light ;  and  by  the  frequent  movements 
of  the  eyelids,  the  particles  which  are  de- 
caying and  losing  their  place  are  brushed 
away  and  escape  by  the  nose.  In  a  learned 
and  interesting  paper  by  Dr.  Mackenzie,* 
you  will  find  described  a  method  of  seeing  in 
your  own  person  the  nature  of  the  corneal 
surface.  This  epithelium  is  rapidly  renewed, 
if  scraped  off. 

We  may  now,  gentlemen,  turn  our  atten- 
tion to  the  posterior  elastic  lamina  of  the 
cornea,  a  layer  which  has  been  long  known 
as  the  membrane  of  Demours  or  of  Decemet, 
or  as  the  elastic  lamina  of  the  cornea,  or  as 
the  corneal  part  of  the  membrane  of  the 
aqueous  humour. 

This  layer  is  very  easily  detached  by 
scraping  from  the  hinder  surface  of  the 
lamellated  tissue  of  the  cornea,  for  it  adheres 
but  slightly  fo  this  tissue,  and  sends  no 
filaments  among  the  lamellse  as  the  anterior 
elastic  lamina  does.  It  is  a  uniform,  trans- 
parent, homogeneous  layer,  considerably 
thinner  than  the  anterior  elastic  lamina, 
(being  only  from  ^J,^  to  inch  thick) 

but  like  it  not  affected  by  maceration,  by 
boiling,  or  by  the  action  of  acids.  Though 
very  hard,  and  capable  of  resisting  much 
pressure,  and  giving  a  crisp  sound  when 
divided  by  the  scissors,  yet  it  is  very  brittle 
and  easily  torn,  and  its  fragments  then  show 
a  remarkable  tendency  to  curl  up  on  all  sides 
into  rolls,  and  always  with  the  anterior  or 
naturally  convex  and  attached  surface  in- 
wards in  the  roll,  so  that  it  would  appear 
to  be  formed  or  laid  down  in  situ  in  ashajie 
precisely  the  reverse  of  that  which  its  elasti- 
city inclines  it  to  assume. 

When  an  ulcer  has  destroyed  the  lamel- 
lated tissue,  it  sometimes  happens  that,  for 
a  short  time,  the  posterior  elastic  lamina  is 
thrown  forwards  into  the  breach,  by  the 
pressure  of  the  aqueous  humour  behind  it, 
and  forms  there  a  small  pellucid  vesicle, 
which  soon,  however,  gives  way  by  rupture, 
allowing  the  humour  to  escape,  and  the  iris 
to  fall  forwards  against  the  opening.  This 
morbid  state  illustrates  very  well  the  pro- 
perties of  the  layer  now  under  considera- 
tion. 

With  regard  to  the  behaviour  of  this 
posterior  elastic  lamina  at  the  margin  of  the 
cornea,  much  difference  of  opinion— I  might 
say,  much  uncertainty  —  prevails  :  some 
holding  that  it  is  reflected  in  a  modified 
form  over  the  whole  of  the  anterior  and 
posterior  chambers  of  the  eye,  others  be- 
lieving it  to  terminate  with  the  cornea  ;  but 
none,  as  far  as  I  am  aware,  having  given  a 
full  and  accurate  account  of  its  actual  con- 
dition, which  is  one  of  considerable  impor- 
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tance  to  a  correct  knowledge  of  the  physio- 
logy of  the  organ,  and  to  the  understanding 
of  several  of  its  diseases. 

Marginalplexi/ormtissueofthislarnina. — 
This  layer,  then,  will  be  found  to  terminate 
at  the  border  of  the  cornea  in  the  form  of 
plexiform  fibres  of  the  yellow  ehstie  kind, 
or  that  variety  which  is  allied  to  itself  in 
essential  characters.  In  this  respect  it  re- 
sembles the  anterior  elastic  lamina.  The 
plexiform  fibres  spring  only  from  its  an- 
terior surface,  or  that  towards  the  lamellated 
cornea.  They  begin  to  appear  a  very  short 
distance  from  its  edge,  and  as  they  arise  the 
lamina  itself  becomes  thinner,  and  is  at  last 
altogether  spent.  They  all  pass  irregularly 
outwards,  occupying,  of  course,  a  position 
between  the  posterior  elastic  lamina  and  the 
lamellated  cornea ;  and  are  finally  rein- 
forced by  those  fibres  which  come  from  the 
thin  and  extreme  edge  of  the  lamina.  Im- 
mediately beyond  this  edge,  therefore,  at  the 
rim  of  the  anterior  chamber,  there  is  a  layer 
of  open  fiexiform  fibres,  passing  outward, 
or  from  the  axis  of  the  eye,  and  being  the 
continuation  or  representative  of  the  pos- 
terior elastic  lamina.  The  posterior  of 
these  fibres  then  curve  backwards  to  ihe 
iris,  and  become  inserted  into  its  anterior 
surface  at  its  greater  circumerence  in  the 
form  of  small  pillars  ;  and  near  their  in- 
sertion begin  to  resemble  the  white  fibrous 
rather  than  the  yellow  fibrous  tissue  in 
chemical  and  other  qualities.  I  have  found 
these  pillars  of  the  iris  much  more  evi- 
dent in  some  animals  than  in  others,  but 
time  will  not  allow  me  to  enter  on  com- 
parative details.  They  exist  in  all  mam- 
malia, and  have  their  analogues  in  other 
classes.  They  are  in  contact  with  the 
aqueous  humour,  where  they  form  the  rim 
of  the  anterior  chamber.  A  needle  may 
be  passed  underneath  them  from  the  an- 
terior chamber  so  as  to  suspend  by  them 
a  considerable  fragment  of  the  eyeball.  The 
great  portion,  however,  of  the  fibrous  con- 
tinuation of  the  posterior  elastic  lamiiia  goes 
not  to  the  iris  but  to  the  ciliary  circle, — a 
name  by  which  anatomists  refer  to  a  flattish 
circle  of  gray  semi-transparent  tissue,  which 
intervenes  between  the  ciliary  processes  of 
the  choroid  and  the  sclerotica,  immediately 
behind  its  junction  with  the  cornea,  about 
which  extraordinary  differences  of  opinion 
prevail,  but  which  I  shall  hope  to  show 
you  in  a  subsequent  lecture  is  muscular. 
For  convenience,  therefore,  I  will  now  as- 
sume that  it  is  such,  and  term  it  the  ciliary 
muscle.  This  muscle  arises,  then,  from 
the  fibrous  tissue  coming  from  the  pos- 
terior elastic  lamina,  —  the  fibrous  tissue 
passing  in  a  sheet  backwards  to  the  an- 
terior region  of  the  ciliary  processes,  and 
giving  origin  on  its  outer  surface,  or  that 


turned  from  the  anterior  chamber,  to  the 

fibres  of  the  ciliary  muscle,  which  then 
clothe  the  outer  surface  of  the  choroid  for 
about  one-eighth  or  one-tenth  of  an  inch, 
as  far  as  the  ora  serrata. 

There  are  still  other  fibres  derived  from  the 
'  posteriorelasticlaminu — viz  thoseplaccdmost 
anteriorly,  and  which  were  the  first  to  take 
origin  from  it.  These,  after  a  short  course 
outwards,  become  separated  from  the  scle- 
rotica by  a  narrow  space  all  round,  known 
as  the  sinus  circularis  iridis,  and  which  has 
been  considered  as  a  venous  canal ;  after- 
wards they  pass  to  be  united  firmly  to  the 
sclerotica  beyond  this  sinus,  and  in  so  doing 
share  principally  in  its  formation.  But 
there  also  exists  here  a  series  of  circular 
fibres,  those  j'lst  described  being  more  or 
less  radiating  ;  the  circular  lie  outside  the 
others,  are  opaque,  white,  and  stiff,  contri- 
buting to  the  formation  of  the  circular  sinus, 
and  to  that  firm  union,  the  ciliary  ligament, 
which  subsists  between  the  ciliary  processes 
and  the  anterior  rim  of  the  sclerotica  :  and 
which,  as  a  whole,  effectually  serves  to  retain 
the  aqueous  humour  from  escaping  into  the 
space  between  the  sclerotica  and  choroid. 

I  am  aware  of  the  difliculty  I  must  expe- 
rience in  attempting  to  give  you  a  clear  de- 
scription of  this  structure,  before  I  have 
passed  in  review  those  others  with  which  it 
is  associated.  What  I  have  now  said,  how- 
ever, must  suffice  for  the  present,  and  I 
shall  return  to  it  in  connection  with  the  iris 
and  choroid  and  lens.  A  few  words  remain 
concerning  the  posterior  epitfielium  of  Ihe 
cornea,  or  the  epithelium  of  the  aqueous 
humour. 

This  is  so  extremely  delicate  and  so 
perishable  a  layer,  that  it  has  only  of  late 
years  been  recognised,  and  yet  it  is  very  easily 
prepared  for  examination.  It  is  a  single 
series  of  flat  epithelial  nucleated  particles, 
placed  side  by  side,  and  united  by  their 
margins.  Even  in  large  animals  the  epi- 
thelial cells  are  not  in  a  double  layer.  It  is 
co-extensive  with  tiie  posterior  elastic  la- 
mina, which  it  separates  from  the  aqueous 
humour.  It  would  appear,  however,  from 
what  has  just  baen  said  concerning  the  con- 
version of  the  posterior  elastic  lamina  at  its 
border  into  fibrous  tissue  which  in  part 
passes  through  the  aqueous  humour  to  the 
iris,  that  this  epithelium  must  cease  with 
the  elastic  lamina,  since  there  is  no  longer 
any  stratum  on  which  it  can  rest.  I  have 
not  been  able  to  discover  the  smallest  ap- 
pearance of  it  upon  the  pillars  of  the  iris, 
and  I  conceive,  therefore,  that  it  is  limited 
to  the  cornea. 

I  have  called  this  the  epithelium  of  the 
aqueous  humour,  because  it  is  the  only  true 
epithelium  which  can  be  found  in  contact 
with  that  fluid.  1  shall  have  to  show  in  a 
future  lecture  that  the  front  of  the  iris  has 
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no  true  epithelial  investment,  and  that  the 
front  of  the  lens  is  also  destitute  of  such  a 
covering.  It  seems,  therefore,  incorrect  to 
speak  of  the  chambers  of  the  eye  as  lined 
by  a  serous  membrane,  or  of  the  aqueous 
humour  as  contained  within  a  proper  cap- 
snle  ;  and  I  suppose  that  practitioners  must 
abandon  the  name,  at  least,  of  that  affec- 
tion, which  is  now  generally  termed  aquo- 
capsvlitis,  even  if  they  continue  to  regard  it 
as  a  distinct  disease. 

In  my  next  lecture  I  shall  proceed  to 
notice  some  of  the  morbid  states  of  the 
sclerotica  and  cornea ;  and  shall  eudeavour 
to  connect  my  remarks  as  far  as  I  can  with 
the  anatomical,  and,  I  fear,  rather  dry 
details,  which  I  have  had  to  dwell  ujjon 
tj-day. 


Lecture  II. 

Slood-vessels  and  nerves  of  the  sclerotica 
and  cornea — character  of  the  nutritive 
process  in  these  structures. — Morbid 
states  of  the  sclerotica  and  cornea. — 
Sloui/hing  of  both  corneae  from  defective 
nutritiou. — Reparative  process  in  the 
cornea — anatomy  of  a  simple  ulcer  of 
thecornia — formation  of  vessels  in  the 
cornea — effect  of  general  disease  on  the 
cornea. — Lymph  or  pus  in  the  lamellated 
tissue. — Pustules. —  Opacities  of  the  cor- 
7iea — development  of  papilla  on  the 
ci.rnea — anatomy  of  Staphyloma  cornece. 

Gentlemen, — In  my  last  lecture  I  re- 
viewed the  structure  of  the  outer  tunic  of 
the  eyeball,  consisting  of  the  sclerotica  and 
comea,  and  described  the  several  layers  of 
which  the  latter  is  composed.  It  remains 
for  me,  before  proceeding  to  the  more  in- 
ternal parts,  to  make  some  observations  on 
the  nature  of  the  process  of  nutrition,  as  it 
obtains  in  these  structures,  and  ou  tlie  bearing 
of  their  anatomical  construction  on  the  na- 
ture and  progress  of  some  of  their  more  im- 
portant diseases. 

Both  the  sclerotica  and  the  cornea  are 
sparingly  supplied  with  the  materials  of  nu- 
trition, as  a  glance  at  the  arrangement  of  the 
blood-vessels  will  show.  The  sclerotica  is 
pierced  behind  with  numerous  arteries  de- 
rived from  the  ophthalmic,  termed  the 
posterior  ciliary  ;  but  these  go  almost  ex 
clusively  to  the  choroid,  only  giving  a  few 
minute  twigs  to  the  sclerotica  as  they  pass. 
In  front,  too,  the  arteries  which  have  sup- 
plied the  muscles  of  the  eyeball,  send  for- 
wards small  prolongations  beyond  the 
tendons,  which  are  visible  under  the  con- 
junctiva, and  lose  themselves  in  the  sclerotica, 
about  one-eighth  of  an  inch  from  the  marjiiu 


of  the  cornea.  These,  however,  traverse 
rather  than  supply  the  sclerotica,  and  anas- 
tomose with  vessels  of  the  ciliary  muscle  and 
iris.  Hence,  in  the  most  successful  injec- 
tions, the  s<:lerotica  itself  is  with  difficulty 
tinted  by  the  artificial  colour,  and  the  micro- 
scopic inspection  of  parts  so  prepared, 
exhibitsonly  a  few  slender  capillaries  coursing 
among  the  greatly  preponderating  mass  of 
the  white  fibrous  tissue.  And  if  we  pass 
from  the  sclerotica  to  the  cornea,  we  shall 
find  the  most  unequivocal  proof  that  no 
blood-vessi'ls  at  all  encroach  far  beyond  its 
border.  The  evidence  which  injections  are 
capable  of  afTording  on  this  head  is  very 
decisive.  We  now  know  that  the  capillaries 
are,  in  almost  every  organ,  definite  and  de- 
terminate tissues,  having  proper  walls,  which 
may  be  distinguished  frtm  the  parts  among 
which  they  lie  ;  that  they  have  a  certain 
limit  as  regards  minuteness,  and  that  they 
form  everywhere  a  closed  system  of  tubes, 
porous,  indeed,  so  as  to  be  capable  of  trans- 
mitting fluid  materials,  both  inwards  and 
outwards,  by  a  process  of  imbibition,  but 
nevertheless  having  walls  of  unbroken  mem- 
brane, without  breach  or  orifice.  Hence  if 
an  injected  specimen  exhibits  a  system  of 
such  canals,  replete  with  artificial  coloured 
contents — its  ramifications  regular,  having 
margins  formed  by  rounded,  arched,  entire 
capillaries — we  may  assert  positively  that  the 
vascular  net- work  terminates  naturally  in 
those  directions,  and  that  the  tissue  beyond 
has  been  as  impermeable  to  the  red  particles 
of  the  circulating  blood  as  we  find  it  to  be 
to  our  prepared  fluids.  This  is  precisely 
what  occurs  in  the  case  of  the  cornea.  The 
vessels  of  the  sclerotica,  and  of  the  conjunc- 
tiva covering  the  sclerotica,  send  numerous 
twigs  towards  the  cornea ;  but  all,  on  ar- 
riving wittiin  the  corneal  tissue,  turn  back, 
forming  numerous  arches,  which  run  parallel 
to  the  margin  of  the  cornea  for  some  way, 
and  then  return  from  whence  they  came. 
Thus  we  have  a  striking  difference  between 
the  sclerotica  and  cornea  in  addition  to  those 
before  insisted  on — that  the  one  is  permeated 
by  blood-vessels,  the  other  is  entirely  devoid 
of  them. 

I  may  say  a  few  words  here  on  the  nervous 
supply  of  the  two  structures.  No  doubt  the 
nerves  of  both  are  few  ;  the  sclerotica  gives 
pa.-sage  to  the  ciliary  nerves,  ai  d  although 
they  have  not  been  demonstrated,  it  is  pos- 
sible that  it  receives  some  filaments  from 
them.  In  a  state  of  health  it  seems  to  be 
very  insensible,  but  when  inflamed,  like 
many  other  dull  and  almost  insensible  parts, 
it  ajjpears  to  be  cajiable  of  becoming  the 
seat  of  very  acute  pain.  In  the  cornea, 
nerves  derived  from  the  ciliary  are  said  to 
have  been  discovered  by  more  than  one 
anatomist  of  trust ;  1  cannot  say  that  1  have 
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myself  seen  them,  although  I  cannot  doubt 
their  existence  ;  for  wlien  we  remember  that 
nerves  in  their  peripheral  distribution  may 
lose  their  tubular  nature  and  their  charac- 
teristic microscopic  appearance  thence  de- 
rived, (and  T  have  constantly  found  the 
ciliary  nerves  do  this,)  we  may  well  be  con- 
tent to  receive  pain  as  sufficient  evidence 
that  a  part  is  not  destitute  of  nerves.  That 
the  cornea  has  a  degree  of  sensibility  capable 
under  some  forms  of  irritation  of  being 
exalted  to  a  considerable  height,  is  matter  of 
common  experience  to  every  one. 

From  what  has  been  said,  it  may  be  safely 
concluded  that  the  sclerotica  and  cornea  are 
slowly  renewed  in  their  elementary  constitu- 
tion by  the  process  of  nutrition.  No  doubt 
the  presence  in  or  near  them  of  the  materials 
of  change  is  absolutely  necessary  for  the 
continuance  of  their  life  ;  but  what  I  would 
endeavour  to  impress  upon  your  minds  is 
this — that  their  structure  is  feebly  supplied 
with  blood,  or  the  nutrient  part  of  that 
fluid — that  the  process  of  nutrition  in  them 
is  therefore  slow,  gradual,  and  easily  im- 
paired, either  by  impoverishment  of  the 
nutrient  material  or  by  any  mechanical  in- 
terference with  its  due  and  regular  supply. 
These  observations  apply  more  to  the  cornea 
than  to  the  sclerotica,  because  the  latter  has 
vessels,  the  former  has  none  ;  the  latter, 
therefore,  is  supplied  interstitially,  as  it 
were,  with  the  power  of  life,  growth,  and 
nutrition  ;  the  latter  must  derive  through  the 
medium  of  its  circumferential  parts  whatever 
is  requisite  to  sustain  the  integrity  of  its  more 
central  portion. 

Morbid  states  of  the  sclerotica. — I  shall 
have  but  few  observations  to  make,  gentle- 
men, on  the  morbid  states  of  the  sclerotica, 
in  their  special  relation  to  its  structure : 
wounds  of  this  part  readily  heal  by  the  ad- 
hesive process,  the  cicatrix  being  semitrans- 
parent  as  in  tendon  ;  and  minute  punctures 
are  generally  harmless,  even  when  they 
penetrate  not  only  this  coat  but  the  choroid. 
It  is  possible  that  the  readiness  with  which 
lacerations  and  incisions  of  the  sclerotica 
heal,  is  ascribable  to  the  thinness  of  the 
tissue,  and  to  the  fact  that  it  has  on  both  its 
surfaces  an  abundant  supply  of  blood  in  the 
contiguous  textures.  The  experience  which 
surgeons  have  acquired  in  their  operations 
on  cataractous  eyes,  affords  ample  proof  of 
the  slight  tendency  which  simple  wounds  of 
the  sclerotica  have  to  take  on  an  unhealthy 
action.  The  form  of  inflammation  which 
the  sclerotica  usually  undergoes  is  the  rheu- 
matic :  into  the  nature  and  symptoms  of 
this  it  would  be  out  of  place  to  enter,  as  we 
must  limit  ourselves  at  present  to  the  ana- 
tomical conditions. 

In  inflammation  of  the  sclerotica,  when 
least  complicated  with  conjunctival  disease, 


its  vessels  are  seen  to  be  unnaturally  filled 
with  blood  ;  its  capillaries  are  distended,  so 
as  to  become  visible  by  imparting  a  tint  to 
the  fibrous  tissue,  and  the  minute  arteries 
and  veins  enlarge  and  become  tortuous.  All 
these  are  distinguished  by  their  purplish  hue, 
compared  with  the  more  superficial  vessels 
of  the  conjunctiva  under  inflammation. 

In  some  delicate  persons  the  sclerotica  is 
so  thin  in  its  anterior  part  as  to  derive  a 
bluish  tint  from  the  choroid  underneath. 
This  is  no  disease,  but  in  cases  of  old-standing 
choroidal  or  other  disease  within  the  globe, 
which  has  operated  so  as  to  cause  a  slow  and 
gradual  distension  of  the  outer  coat,  the 
pigment  is  in  like  manner  disclosed  under 
the  bulging  and  attenuated  sclerotica  ;  and  I 
have  observed  in  some  cases  that  under  this 
internal  stretching  force  the  sclerotica  is  apt 
to  yield  in  lines  passing  backwards  from  the 
cornea,  so  as  to  form  slits  or  chinks  more  or 
less  radiating,  through  which  the  choroid  is 
more  obviously  seen.  This  depends  on  the 
disposition  of  the  fibres  of  the  sclerotica, 
which  I  alluded  to  in  the  last  lecture,  viz. 
their  passing  at  the  anterior  region  rather  in 
a  radiating  direction  from  the  cornea  than  in 
any  other  arrangement. 

Morbid  states  of  the  cornea. — To  the 
surgeon  as  to  the  anatomist,  the  cornea  is 
a  much  more  interesting  and  important  tex- 
ture than  the  sclerotica,  and  I  therefore  pro- 
pose to  be  a  little  less  brief  in  commenting 
on  some  of  its  principal  morbid  states, 
especially  such  as  either  illustrate,  or  are 
illustrated  by  its  structure,  as  explained  in 
the  former  lecture. 

And  first,  gentlemen,  in  evidence  of  the 
comparative  feebleness  of  the  process  of  nu- 
trition in  this  texture,  I  shall  relate  the  fol- 
lowing case  which  occurred  at  this  hospital 
during  the  present  spring. 

Sloughing  of  both  cornece  from  defective 
nutrition. — On  the  8th  March,  a  mother, 
herself  reduced  in  strength  and  looking  ill, 
brought  her  infant,  13  months  old,  to  the 
hospital,  on  account  of  its  eyes.  I  found 
that  both  cornea;  were  in  a  state  of  slough, 
flaccid,  of  a  pale  yellow,  like  macerated 
leather ;  that  this  slough  comprised  the 
whole  area,  except  a  very  narrow  belt  of 
about  1 .20th  inch  nearest  to  the  sclerotica, 
from  which  a  few  minute  vessels  were 
shooting  towards  the  line  of  separation 
which  was  already  beginning  to  be  estab- 
lished between  the  dead  and  the  living  parts. 
TTie  conjunctiva  exhibited  very  little  vascu- 
larity, and  had  evidently  not  been  suffering 
from  inflammation.  The  infant  was  pallid 
and  puny,  with  a  pinched  and  anxious 
countenance.  I  found  that  the  mother  had 
been  suckling  the  child  till  seven  weeks 
from  the  time  I  speak  of,  being  herself  ill 
and  weak,  and  very  insufficiently  nourished  ; 
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that  on  going  into  the  workhouse  they  had 
been  parted,  and  that  she  first  noticed  the 
eyes  to  look  "  weak"  three  weeks  since. 
The  bowels  have  been  constantly  purged  for 
eight  days  ;  and  she  has  taken  Rhubarb  and 
Magnesia.  The  compound  powder  of  chalk, 
with  opium,  was  given  every  tour  hours, 
with  Liq.  Cinch,  of  Battley,  and  beef-tea, 
with  small  quantities  of  brandy,  and  Mr. 
Howard  kindly  undertook  to  visit  her  at  her 
own  home.  On  the  11th  (three  days  after- 
wards), I  found  more  evidence  of  vascu- 
larity at  the  margin  of  the  cornese,  and  over 
the  white  of  the  eye,  but  with  hardly  any 
secretion.  The  bowels  had  been  less  re- 
laxed, but  the  stools  still  green  and  loose. 
She  had  taken  some  wine  and  bark,  but 
would  not  touch  the  beef-tea.  She  was 
evidently  weaker,  and  moaned  constantly. 
In  two  days  afterwards  she  died. 

In  this  instance  we  find  the  cornea  falling 
into  a  state  of  gangrene  from  defective  nu- 
trition ;  the  impoverishment  of  the  blood, 
manifested  in  various  degrees  in  the  other 
textures  of  the  body,  here  leading  to  the 
complete  destruction  of  a  tissue  which 
naturally  has  a  very  small  supply  of  that 
necessary  fluid,  and  which  therefore  is  but 
too  ready  to  yield  its  vitality  when  that 
supply  is  withheld.  The  case  of  this  poor 
child  finds  a  parallel  in  others  which  have 
been  related,  as  occurring  from  actual  star- 
vation, or  the  privation  of  all  sustenance, 
and  perhaps  still  more  aptly  in  those  ani- 
mals which  Magendie  confined  to  a  diet  of 
sugar  and  water,  or  other  non-azotised  food, 
and  of  which  one  of  the  more  constant  evi- 
dences of  declining  power  was  the  sloughing 
of  the  comeae,  and  the  consequent  destruc- 
tion of  the  eyeballs.  I  may  also  mention 
the  case  of  a  woman  who  is  now  in  attend- 
ance here,  and  who,  on  her  first  appear- 
ance some  months  ago,  had  a  dull,  hazy 
state  of  both  comeae  ;  the  surface  having 
lost  its  brilliancy,  and  the  whole  texture 
being  very  uniformly  obscured.  The  ap- 
proach of  this  condition  had  been  very 
gradual.  It  had  been  attended  with  no  red- 
ness, nor  was  there,  at  that  time,  any  ex- 
citement of  the  circulation  in  the  neighbour- 
ing sclerotica  or  conjunctiva,  or  any  de- 
velopment of  new  vessels  in  the  cornea 
itself.  She  was  pallid,  but  her  muscular 
strength  was  not  remarkably  reduced,  nor 
could  I  discover  that  she  had  been  insuffi- 
ciently fed  in  regard  either  to  quantity  or 
quality,  or  that  she  had  any  disease  affecting 
a  vital  organ.  Nevertheless,  her  pulse  and 
countenance  bespoke  a  system  in  which  the 
powers  of  life,  from  some  cause  or  other, 
were  considerably  depressed,  and  Mr. 
Dixon  concurred  with  me  in  recommending 
a  strictly  tonic  course  of  treatment,  com- 
prising steel  and  quinine,  with  such  modifi- 


cations in  diet,  place  of  abode,  and  mode  of 
life,  as  her  situation  appeared  to  render  de- 
sirable. Under  this  plan,  which  has  been 
continued  up  to  the  present  time,  a  steady 
improvement  has  taken  place  in  the  condi- 
tion of  the  cornese.  The  haze  is  clearin? 
away  in  the  most  gradual  manner,  and 
without  any  unnatural  vascularity  of  the 
part  or  neighbourhood,  and  her  looks  are 
much  improved  in  every  respect.  I  cannot 
help  regarding  this  affection  as  simply  the 
result  of  an  impairment  of  the  nutritive 
process  in  the  whole  body  showing  itself  in 
a  special  manner  in  this  texture  of  feeble 
power. 

Reparative  process  in  the  cornea. — The 
cornea  when  healthy  is  readily  repaired 
after  injury  ;  punctures  and  incisions  being 
followed  in  general  by  speedy  reunion  of  the 
divided  parts,  withou:  suppuration  or  slough- 
ing. The  adhesive  process  is  here  presented 
to  us  in  its  simplest  form,  for  it  takes  place 
in  a  structure  which  contains  no  blood-ves- 
sels, and  therefore  where  none  have  been 
divided.  But  if  we  bear  in  mind  that  all 
tissues  have  a  proper  life  of  their  own,  of 
which  their  several  properties  and  actions 
are  the  necessary  manifestations,  and  that 
the  blood-vessels  are  but  ministerial  to  the 
proper  life  of  the  tissues  they  supply,  by 
serving  as  the  medium  through  which  the 
materials  essential  to  life  are  brought  within 
their  reach,  and  what  is  rejected  by  them  is 
carried  away,  we  shall  readily  understand 
how  it  is  that  a  tissue  which,  like  the  cor- 
nea, orginally  grew,  and  has  its  ordinary  life 
sustained  without  the  presence  of  interstitial 
vessels,  may  be  also  repaired  and  renewed 
without  them  within  certain  limits.  For  the 
reparative  actions,  in  their  natural  form,  are 
nothing  more  than  those  of  growth  and  nu- 
trition, modified  by  the  new  conditions  oc- 
casioned by  external  accident,  and  tending 
constantly  to  a  removal  of  those  new  condi- 
tions, and  the  restoration  of  the  normal 
state. 

If  we  puncture  or  incise  the  cornea  the 
first  effect  is  a  change  wrought  in  the  natu- 
ral actions  of  nutrition  then  existing  in  the 
wounded  part, — a  change  which  can  only  be 
described  as  a  mechanical  interruption  to 
those  actions,  and  which,  from  the  resultant 
train  of  phenomena,  has  been  often  called  a 
stimulus.  This  is  speedily  followed  by  the 
presence  of  an  increased  quantity  of  blood 
in  the  vessels  that  are  nearest  to  the  wounded 
part,  viz.  in  those  of  the  conjunctiva  and 
those  of  the  sclerotica,  and  thus  the  ma- 
terials from  which  the  breach  is  to  be  made 
good  are  brought  in  greater  abundance  to 
the  part  that  requires  them.  We  cannot 
doubt  that  as  these  vessels,  comparatively 
so  remote-,  are  thus  affected,  so  the  part  of 
the  corneal  tissue  intervening  between  them, 
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and  the  exart  seat  of  injury,  is  pervaded  by 
a  corresponding  change,  of  which  the  general 
expression  is  this, — that  it  is  one  of  exalted 
nutritive  vigour  ;  the  play  of  forces,  and 
the  interchange  of  material  which  mark  the 
iiutrilive  function,  being  more  energetic  and 
more  rapid  than  before.  And  whatever 
phenomena  of  this  kind  occur  in  the  inter- 
mediate tissue  are  concentrated  in  an  espe- 
cial manner  about  the  wound  itself.  In  a 
short  time,  even  in  the  course  of  a  few 
hours,  as  1  have  ascertained  in  the  case  of 
the  lower  animals,  the  vicinity  of  the  in- 
jured part  begins  to  contain  in  abundance 
those  minute  particles,  nuclei,  or  cyto- 
blasts,  as  they  arf,  called,  which  exist 
naturally,  though  sparingly,  in  the  corneal 
lamellae,  and  the  relative  quantity  of  which 
may  be  regarded  in  most  tissues  as  an  index 
of  the  intensity  of  the  nutritive  function. 
These  particles,  I  say,  hastily,  indeed,  and 
imperfectly  formed,  are  speedily  found 
choking  the  interstices  of  the  tissues  in  the 
lips  of  the  wound,  and  covering  its  surface, 
so  as  to  occupy  whatever  space  was  left  be- 
tween its  opposite  sides,  and  bringing  them 
into  temporary  union.  From  the  presence 
of  these  embryo  materials  of  new  tissue,  in- 
termingled among  the  elements  of  the  old,  is 
derived  that  slight  milky  opacity  which 
envelopes  and  marks  the  seat  of  wound,  and 
which,  if  the  injury  be  extensive,  may  en- 
gage a  considerable  extent  of  the  cornea  in 
the  direction  of  the  neighbouring  blood-ves- 
sels. The  subsequent  changes  I  need  not  par- 
ticularly dwell  upon.  The  breach  being  filled, 
the  new  material  is  gradually  trans''ormed  into 
products,  resembling  those  tissues  among 
which  it  has  been  poured  ;  the  blood-vessels, 
at  the  border  of  the  ccrnea,  resume  their 
size,  and  at  length,  in  the  most  favourable 
instances,  all  vestige  of  the  wonderful  pro- 
cess which  has  taken  place  vanishes  away. 

Such  is  the  progress  of  the  actious  which 
usually  ensue  when  the  surgeon  punctures 
the  cornea  with  his  needle  for  the  purpose 
of  operating  on  a  cataract,  and  the  same 
takes  piace,  in  general,  where  there  is  no 
destruction  of  substance,  and  where  the 
wound  is  not  too  large,  and  its  margins 
have  been  accurately  adapted.  But  it  will 
readily  be  conceived  that,  in  cases  of 
wounds  with  lo  s  of  substance,  or  attended 
with  extensive  division  ol  jjarts,  the  de- 
mands on  a  tissue  so  feebly  nourished  must 
exceed  its  limited  powers.  The  result  will 
then  oftentimes  be  the  failure  of  the  adhe- 
sive process,  with  the  establishment  of  a 
temporary  ulcer  or  open  breach,  or  with  an 
actual  sloughing  of  the  lips  of  the  wound. 
The  reparative  actions  then  advance  more 
slowly,  and  in  a  modified  form,  by  a  species 
of  granulation  very  similar  to  diat  which 
obtains  in  corresponding  slates  uf  the  skin 
or  mucous  meuibraue. 


Fig.  5. 


Free  surface, 
c 


Vertical  section  of  a  minute  ulcer  on  the 
surface  of  the  cornea  of  a  cat,  three  days 
alter  the  application  of  caustic  potass. 
a,  a,  indicate  the  position  of  the  corneal 
tubes  in  the  sound  tissue  below  the  bed 
of  the  ulcer  ;  b,  nucleus  of  the  lamellated 
tissue.  The  surface  of  the  ulcer  is  seen 
formed  by  a  crowd  of  vesicular  nuclei, 
most  of  them  with  a  nucleolus.  These 
were  in  various  stages,  and  n'.ingled  with 
firmly  granular  matter.  Magn.  300 
diameters. 

I  had  an  opportunity  last  year  of  examin- 
ing a  small  ulcer  which  had  be-  n  occasioned 
on  the  centre  of  the  cornea  of  a  cat,  by  the 
contact  of  a  small  piece  of  caustic  potrsh, 
three  days  previously.  The  conjunctival 
epithelium  and  the  anterior  elastic  lamina 
had  been  removed,  and  the  superficial 
lamellae  of  the  cornea  proper  formed  the 
bed  of  the  ulcer.  These  were  softened 
and  semi-opaque,  from  the  presence  of 
great  numbers  of  the  nuclei  already 
alluded  to,  in  and  around ;  and  it  was 
interesting  to  observe  that  their  numbers 
were  greatest  on  the  surface  of  the  ulcer 
and  diminished  in  proportion  to  their  dis- 
tance from  it.  In  the  section  of  the  ulcer, 
rej)resented  in  fig.  5,  the  nuclei  are  seen  oc- 
cupying chiefly  the  position  of  the  corneal 
tubes,  especially  in  the  deeper  part.  We 
have  in  this  example,  perhaps,  the  simplest 
condition  of  an  ulcer  that  can  occur  in  any 
texture,  and  it  is  therefore  well  deserving 
your  attention. 

Development  of  vessels  in  the  cornea. — 
Few  things  are  more  interesting  in  the  his- 
tory of  reparative  processes  iu  the  cornea, 
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than  the  fact  which  we  observe  every  day,  of 
its  capacity  of  becoming  furnished  with 
blood-vessels  derived  from  those  of  the 
conjunctiva  and  sclerotica.  If  any  irritation 
is  long  kept  up,  or  if  an  ulcer  exists  hav- 
ing to  heal  by  a  slow  and  gradual  process, 
we  find  in  the  interval  between  it  and  the 
neighbouring  vessels,  a  greyish,  half-trans- 
parent tract,  distinguishable  from  the 
healthy  cornea  ;  and  in  this  there  are  soon 
developed  a  series  of  vessels  which  presently 
declare  themselves  as  arteries,  capillaries, 
and  veins,  carrying  the  blood  in  a  circuit 
through  and  about  the  seat  of  reparative 
action.  It  is  obvious  that  these  are  pro- 
duced out  of  new  matter,  laid  down  before 
their  actual  formation  in  the  line  which 
they  are  to  occupy.  As  a  punctured  wound 
is  made  good  by  the  simple  transformation 
of  the  new  matter  into  the  natural  tissue, 
without  the  formation  of  new  vessels,  so, 
when  time  allows,  and  the  extent  of  repair 
requires  it,  a  portion  of  the  new  material  is 
developed  into  vessels,  which  may  serve  the 
temporary  purpose  of  expediting  and  forti- 
fying the  reparative  actions,  by  bringing  to 
them  an  immediate  and  interstitial  supply 
of  blood.  Thus  is  the  cornea  made  dull 
and  useless  for  a  time,  by  the  introduction 
of  a  structure  destructive  of  its  transpa- 
rency, in  order  that  its  integrity  may  be 
restored  according  to  the  natural  laws  of 
growth.  When  its  restoration  is  somewhat 
advanced,  and  less  blood  is  required,  these 
new  vessels  dwindle ;  their  coats,  which  are 
at  best  imperfectly  organised,  soon  disap- 
pear, and  the  cornea  becomes  once  more 
permeable  to  light.  I  have  a  specimen  in 
which  these  adventitious  vessels  are  dis- 
played injected  with  artificial  colour.  They 
pass  into  the  cornea  from  the  conjunctiva, 
and  from  the  whole  thickness  of  the  sclero- 
tica, and  occupy,  in  this  particular  instance, 
almost  the  whole  thickness  of  the  lamellated 
tissue. 

The  cornea  may  further  become  vascular 
without  ulcer  or  wound,  and  as  a  result  of 
continued  inflammatory  action,  and  this  in 
two  principal  ways  :  either  the  new  vessels 
may  form  a  network  on  the  front  of  the 
cornea,  anastomosing  on  all  sides  with  those 
of  the  conjunctiva,  and  only  obscuring  the 
lustre  of  its  surface,  or  they  may  pass  in 
very  close  and  more  parallel  series  from  the 
sclerotica,  so  as  to  make  the  cornea  uni- 
formly of  a  dull  red.  The  forrner  state  is 
the  result  of  long  continued  irritation  of 
the  conjunctival  epithelium  by  granular  lids 
or  displaced  liishes,  and  the  vessels  in  all 
probability  lie  immediately  beneath  the 
anterior  elastic  lamina  in  the  more  super- 
ficial lamella;  of  the  cornea  proper  ;  but  I 
have  never  had  an  opportunity  of  actually 
ascertaining  this.  They  can  hardly  lie  over 
it,  and  it  is  too  thin  to  contain  them  in  its 


substance.  The  latter  condition  results 
from  chronic  inflammation  of  the  lamellated 
tissue,  and  is  attended  with  an  opaque  de- 
position of  new  matter.  The  vessels  run  in 
among  the  lamellse,  and  may  occupy  the 
entire  thickness  of  the  cornea  proper,  ren- 
dering it  nearly  impervious  to  light.  In 
both  the  forms  of  morbid  vascularity  now 
mentioned,  the  vessels  are  to  be  regarded 
as  originally  a  result  of  diseased  action,  not 
as  themselves  the  disease.  They  are  de- 
veloped under  the  salutary  or  conservative 
law  of  the  organism,  to  enable  a  part  of 
feeble  vitality  to  sustain  a  morbid  action  to 
which  it  has  become  subject,  and  under 
which  its  vitality  would  otherwise  sink.  It 
is  true  that  their  presence  marks  the  exist- 
ence of  disease,  and  is  to  a  certain  degree 
an  index  of  its  extent,  but  we  must  be  on 
our  guard  against  imagining  that  it  con- 
stitutes its  essence.  Unless  these  vessels 
had  been  developed,  the  diseased  process 
would  long  ago  have  terminated  by  the  total 
destruction  of  the  tissue.  If,  in  the  case  of 
the  impoverished  infant  which  I  related  just 
now,  there  had  been  sufficient  vigour  in  the 
nutritive  and  organising  process  to  fill  the 
corneal  tissue  with  offshoots  from  the  sur- 
rounding vessels,  the  eyes  might  not  have 
perished. 

The  cornea,  and  other  parts  of  low  vi- 
tality, or  of  such  a  texture  as  cannot 
speedily  develope  new  vessels,  often  fall  into 
gangrene  under  any  sudden  inflammation, 
because  their  vascular  supply  is  either  very 
limited,  or  cannot  expand  in  correspondence 
with  the  demands  of  the  morbid  action.  On 
the  other  hand,  practical  surgeons  know 
that  it  is  very  difficult  to  induce  destructive 
inflammation  in  erectile  tumors,  which  are 
distinguished  by  the  abundance  of  their 
vascular  supply. 

We  may  even  go  further,  and  maintain 
that  these  adventitious  vessels  are  necessary 
to  a  cure,  and  to  their  own  removal,  which 
may  seem  a  paradox,  but  is  nevertheless  a 
very  sustainable  proposition.  For  as  the 
morbid  products  (including  the  vessels) 
laid  down  in  the  cornea,  require  for  their 
existence  a  certain  accession  of  new  ma- 
terial, in  the  way  of  continuous  nutrition, 
so  they  cannot  be  removed  unless  means  are 
found  for  the  absorption  and  removal  of  the 
old  m.iterial  of  which  they  are  composed, 
and  these  means  are  mainly  the  vascular 
channels.  As  long  as  the  material  capable 
of  being  removed  remains,  the  vessels  re- 
main also,  though  gradually,  atrophied,  and 
ready  to  disappear  ;  and  sometimes  when 
the  morbid  products  have  been  so  long  laid 
down  as  to  have  become  organised  into 
permanent  forms  of  morbid  and  opaque 
tissue,  the  vessels,  in  reduced  number,  are 
found  to  remain,  as  being  necessary  for  the 
existence  of  that  which   cannot  now  be 
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taken  away  by  any  interstitial  process  of 
absorption,  and  which  must  therefore  be 
either  nourished  or  die. 

The  unity  which  reigns  throughout  an 
organised  body  of  so  much  complexity  as 
our  own,  renders  every  part  liable  to  be  in- 
fluenced by  the  state  of  the  great  organs 
subservient  to  nutrition ;  the  digestive 
which  provide,  the  respiratory  which  reno- 
vate, the  circulating  which  distribute,  and 
the  excretory  which  purify,  the  blood.  The 
nutrition  of  every  organ  or  tissue  is  subject 
to  derangement,  when  the  blood  from  which 
it  derives  its  materials  of  renewal  is  im- 
poverished or  altered  in  quality,  or  when 
that  healthy  balance  of  the  circulation  is 
lost,  to  which  Dr.  Farre  called  your  atten- 
tion a  short  time  ago. 

It  is  not  to  be  thought,  therefore,  that 
the  morbid  phenomena  of  any  of  the  tex- 
tures of  the  eye,  or  of  the  body  at  large,  can 
be  rightly  comprehended  by  one  who  never 
has  regard  to  the  condition  of  what  is  termed 
"  the  general  health,"  and,  least  of  all, 
those  of  a  texture  like  the  cornea,  which, 
being  itself  bloodless,  and  deriving  its  supply 
of  nutriment  by  a  frail  tenure  from  sur- 
roundina;  parts,  must  necessarily  be  ob- 
noxious in  a  peculiar  degree  to  certain  of 
those  disturbances  which  another  more  fa- 
voured part  might  have  sufficient  vigour  of 
life  to  disregard  or  overcome.  It  would  be 
very  easyto  enlarge  on  so  fertile  a  theme  ; 
but  I  must  dismiss  it  with  this  simple  allu- 
sion, or  itwould  lead  us  too  far  from  the 
proper  subject  of  these  lectures.  It  is 
jierhaps  of  even  greater  importance  still  that 
these  views  should  influence  our  minds  in 
considering  the  propriety  of  an  operation  for 
cataract  in  any  particular  case,  and  espe- 
cially of  that  of  extraction,  which  involves 
an  extensive  division  of  the  corneal  tissue, 
and  to  the  success  of  which,  reparation  of 
the  wound,  by  the  first  intention,  is  abso- 
lutely essential. 

Lymph  or  pus  in  the  lamellated  tissue. — 
As  a  result  of  inflammation  of  the  lamellated 
tissue,  lymph  or  ))us  may  be  formed  in  the 
interstices  of  the  lamellae,  attended,  in  the 
first  instance,  with  irregu'ar  haze,  and  then 
with  mottled  or  patchy  opacity,  as  it  accu- 
mulates in  greater  abundance  in  certain 
situations.  If  the  inflammation  be  of  an 
acute  kind,  and  the  effusion  rapid,  so  as  to 
gorge  and  distend  and  press  upon  the 
lamellae  too  much  before  their  supply  of 
blood  can  be  suitably  augmented  by  newly- 
organised  vessels,  and  especially  if  the  sys- 
tem be  at  the  same  time  in  an  enfeebled 
S'ate  from  defective  nourishment,  or  the 
scrofulous  diathesis,  the  lamellre  become 
irregularly  separated  from  one  another,  tlfeir 
tissue  is  broken  up  and  destroyed,  and  a 
slough  results  which  is  usually  of  a  flattish 
form,  often  engaging  a  considerable  area  of 


the  cornea,  but  not  its  entire  thickness,  f.  e. 
following  the  direction  of  the  lamellae  ;  or 
a  simple  abscess  may  form,  which  may  dis- 
charge itself  either  backwards  into  the 
aqueous  chambers,  or  on  the  external  surface 
of  the  cornea.  In  either  case  it  very  com- 
monly happens  that  the  remaining  part  of 
the  thickness  of  the  cornea  gives  way,  making 
a  complete  perforation,  through  which  the 
aqueous  humour  escapes,  and  the  iris  pro- 
lapses. The  injury  done  to  the  eye  by  such 
extensive  disease  is  severe  and  permanent ; 
a  portion  of  the  cornea  has  its  place  supplied 
by  new  matter,  which  becomes  developed 
into  an  opaq  le  tissue  very  different  in  con- 
stitution and  elementary  arrangement  from 
that  which  lias  been  removed,  and  the  pupil 
is  more  or  less  distorted  or  dragged  away 
from  the  axis  of  vision. 

If,  however,  the  inflammation  of  the 
lamellated  tissue  be  less  acute,  and  less  dis- 
posed to  run  rapidly  to  destructive  results, 
the  lymph  which  is  poured  out  collects  in 
small  portions  among  the  lamellee,  giving  an 
irregularly  mottled  aspect  to  the  cornea, 
because  some  parts  retain  more  of  their 
transparency  than  the  rest,  though  all  are 
dim  ;  and  vessels  are  gradually  formed  in 
the  corneal  tissue,  entering  it  at  various 
depths  from  the  neighbouring  sclerotica. 
When  this  occurs,  the  sclerotica  itself,  for  a 
short  distance  from  the  cornea,  appears  of  a 
dull  red,  owing  to  the  augmented  quantity 
of  blood  pas^g^brough  its  vessels  to  sup- 
ply this  new  demand.  If  the  disposition  to 
the  formation  of  lymph  in  the  corneal 
tissue  continues,  the  enlargement  of  its  vas- 
cular supply  tends  to  accelerate  the  subse- 
quent changes,  the  whole  tissue  gets  inter- 
fused with  opaque  matter  and  additional 
vessels,  and  the  original  lamellated  structure 
becomes  thickened,  softened,  and  obscured. 
After  so  delicate  and  important  a  part  has 
been  apparently  spoiled  by  a  serious  disease, 
it  is  not  a  little  interesting  to  notice  how 
completely  and  how  speedily,  in  many  in- 
stances, its  perfect  transparency  may  be 
restored  by  timely  and  judicious  treatment. 
For  in  such  cases  you  will  observe  that  the 
orig'nil  tissue  of  the  cornea  is  not  in  any 
measure  d  stroyed,  or  its  arrangement  j)er- 
maneutly  altered,  unless  the  duration  of  the 
morbi'l  i-tite  have  been  considerable,  and 
time  have  bfcn  thus  aflbrded  for  the  or- 
ganization o'  permanent  forms  of  unnatural 
tisfue  in  its  inters'ires.  Moreover,  when 
once  the  inflummntory  action  and  the  incli- 
nation to  the  fo.m  tim  of  morbid  products 
have  been  subdued,  the  blood-vessels  which 
pervade  the  deter  orated  structure  begin  to 
assist  largely  in  its  restoration,  by  expediting 
the  abisorption  and  removal  of  the  newly- 
deposited  lymph;  and'iu  proportion  as  this 
clearance  is  effected  the  vessels  themselves 
diminish  in  size,  and  finally  disappear.  The 
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speed  and  completeness  with  which  the 
cornea  resumes  its  previous  state  will  depend 
munh  on  the  promptness  with  which  the 
treatment  is  undertaken,  and  the  eneigy  of 
the  nutritive  function  in  the  part  and  in  the 
whole  body.  In  scrofulous  subjects,  wl)0 
are  especially  prone  to  this  alfeotion,  it  is 
notorious  that  there  exists  in  the  constitution 
a  grave  and  deep-seated  defect,  which  mani- 
fests itself  chiefly  in  imperfect  or  perverted 
nutrition  ;  and  until  this  is  in  some  degree 
corrected,  this  disease  can  hardly  be  checked, 
or  its  consequences  got  rid  of. 

The  cornea  evinces  its  near  alliance  with 
the  integumental  tissues,  by  its  dlsi'osition  to 
the  formation  of  small  pimples,  or  yhlyc- 
ten'il<p,  on  its  anterior  surface.  These,  too, 
are  most  common  in  young  strumous  sub- 
jects :  they  are  generally  situated  at  or 
near  the  margin,  and  appear  on  the  con- 
junctiva at  the  same  time.  They  are  slow 
in  their  progress,  and  ere  they  have  reached 
their  full  size  are  generally  provided  with  a 
leash  of  conjunctival  vessels,  which  give  a 
characteristic  appearance  to  the  eye.  They 
are  formed  on  the  front  of  the  coi  nea,  and, 
I  should  suppose,  immedintely  under  the 
anterior  elastic  lamina,  and  the  vessels  they 
acquire  also,  of  course,  lie  under  that  lamina, 
and  conie  from  the  sub-conjunctival  tissue. 
These  pimples  may  contain  a  minute  quan- 
tity of  lymph,  which  may  become  organised 
into  a  raised  vascular  tubercle,  or  they  may 
advance  into  the  pustular  stage,  and  form 
ulcers  by  opening  on  the  surface,  wiih  a 
destruction  of  the  anteiior  elastic  lamina 
and  the  conjunctival  epithelium.  An  opa- 
city remains  after  they  are  healed,  which  is 
usually  proportionate  to  the  previous  depth 
of  the  ulcer;  but  it  is  gradually  lessened 
with  the  growth  of  the  little  patient,  and 
often  altogether  disappears.  Occasionally 
such  an  ulcer  will  heal  with  a  depretsed  but 
nearly  transparent  surface,  leaving  a  mark 
only  apparent  to  others  in  certain  positions 
of  the  eye,  when  the  light  is  reflected  from 
the  part ;  but  for  the  same  reason  painfully 
obvious  to  the  patient  hirasi-lf  (if  it  happen 
to  be  situated  near  the  pupil)  by  the  distor- 
tion of  objects  which  it  occasions. 

I  shall  now,  gentlemen,  say  a  few  words 
concerning  opaciiies  of  ihc  cornea,  such  as 
are  commonly  left  by  a  variety  of  causes  in 
dilFi-rent  portions  of  the  corneal  tissue,  and 
shall  endeavour  to  explain  their  nature  and 
seat  according  to  the  particular  tissue  they 
affect. 

We  have  already  seen  that  the  proper 
laminated  tissue  is  capable  of  enlarging 
its  vascular  resources  for  its  sujjport  under 
disease,  and  for  the  subsequent  removal  of 
diseased  products,  to  such  an  extent  that  if 
it  have  itself  esca|;ed  disorganization,  it  is 
able,  under  favourable  circumstances,  to 
completely  resume  its  transparency.  The 


nature  of  the  nutritive  process  in  the  lami- 
nated tissue  is  such  that  this  tissue  recovers 
itself  in  a  great  measure,  by  timely  treat- 
ment, from  almost  any  amount  of  inflamma- 
tion and  consequent  effusion  which  falls 
short  of  actual  destruction  of  its  elements. 
But  when  these  elements  are  at  all  displaced 
or  consumed  under  the  morbid  process,  then 
permanent  opacity  is  very  likely,  and  in- 
deed almost  certain,  to  follow:  for  so  arti- 
fiiual  is  the  mechanical  arangement  of  the 
elementary  lamellae,  on  which  the  trans- 
parency of  the  cornea  depends,  that  when 
their  substance  is  once  removed  its  place 
cannot  be  supplied  with  a  tissue  of  an 
equally  elaborate  organization.  The  new 
material,  though  its  bulk  and  strength  may 
be  equivalent  to  those  of  the  old,  is  fibrous 
Instead  of  being  lamellated,  and  opaque 
instead  of  being  translucent.  It  contains  a 
considerable  quantity  of  yellow  fibrous 
tissue,  intiii  ately  mixed  with  the  white,  and 
both  most  irregularly  interwoven  and  ill- 
developed — ready  to  become  the  nidus  of 
small  granules  of  earthy  or  fatty  matter, 
such  as  readily  settle  in  parts  of  deteriorated 
structure.  From  this  condition  recovery  is 
not  possible  ;  the  blemish  has  become  in- 
delible. 

It  is  to  be  observed,  however,  that  during 
the  progress  of  the  reparative  process,  there 
exists  in  the  part  and  its  immeciiate  vicinity 
a  quantity  of  fresh  material  of  that  kind 
which  denotes  an  over-activiiy  of  the  nutri- 
tive function,  and  which,  not  being  wanted 
for  conversion  into  permanent  tissue,  will 
in  due  course  be  absorbed.  This  augments 
the  opacity  while  it  lasts  ;  and  it  is  not  till 
a  certain  time  has  been  allowed  for  its  re- 
moval, after  the  healing  of  the  breach,  that 
we  can  say  how  extensive  or  deep  the  per- 
manent opacity  may  prove  ;  we  may  gene- 
rally venture  to  predict  a  gradual  improve- 
ment  during  some  time,  in  a  recent  opacity, 
particularly  in  young  sul)jects. 

MHiat  I  have  now  said  applies  to  the 
greater  part  of  the  more  common  opacities 
of  the  cornea  :  I  may  allude  to  one  or  two 
other  forms  which  may  prove  interesting  in 
rei^iird  to  the  question  of  their  precise  seat. 
There  are  some  varieties  whi.h  appear  to__be 
on  or  near  the  very  surface  of  the  cornea, 
and  which  it  is  probable  may  occupy  the 
anterior  elastic  lamina.  The  very  opaque 
clialky-looking  films  which  often  follow  the 
application  of  quicklime  or  new  mortar 
to  the  eye,  seem  to  be  of  this  kind, 
and  so,  also,  do  those  which  have  been 
supposed  by  some  to  be  stainings  of  the 
surface  of  the  corneal  tissue  by  a  de- 
posit from  the  lead  lotion  in  common  use. 
Occasionally  we  have  a  sujierficial  excoria- 
tion of  the  cornea — one  can  hardly  call  it 
an  ulcer— which  the  epithelium  limits  with 
abrupt  edges,  thus  favouring  the  accumula- 
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tion,  on  the  depressed  surface,  of  tlie  frothy 
mucus  or  sud  which  the  movements  of  the 
Hd  furnish.  The  opacity  thus  produced  is 
often  very  opa<],ue,  and,  unless  you  were 
aware  of  its  cause,  might  seem  more  serious 
than  it  really  is.  A  lens,  or  the  point  of  a 
needle,  will  inform  you  of  its  real  nature. 

There  is  another  form  of  opacity,  which  I 
believe  to  have  its  seat  in  the  anterior  elastic 
liimina,  although  it  is  vain  to  endeavour  to 
prove  it,  except  by  a  section  of  the  part.s.  It 
lias  a  silvery  lustre,  and  a  very  fine  texture 
of  interweaving  striue,  and  it  creeps  very  gra- 
dually from  near  the  border,  over  the  surface 
of  the  cornea,  towards  the  centre.  The 
epithelial  surface  retains  its  smoothness  and 
histre,  and  tlie  opacity  does  not  appear  to 
have  much  depth.  Other  varieties  of  opa- 
city, very  chronic  in  their  course,-  and  evi- 
dently not  inflammatory,  are  liable  to  form, 
as  I  believe,  in  the  same  tissue.  They  may 
be  of  a  brown  tint,  with  an  indefinite  margin, 
and  may  affect  both  corneae  at  the  same 
time.  I  am  not  aware  that  these  are  parti- 
cularly described  in  books,  nor  whether  they 
admit  of  removal,  or  even  arrest.  They  are 
probably  connected  with  an  imperfect  nutri- 
tion of  the  eyeball,  and  must  bfe  left  to  take 
tiieir  course. 

There  is  a  variety  of  opacity  consisting  of 
minute  dots,  sometimes  so  small  as  not  to 
be  distinguished  separately  without  a  lens  ; 
at  others,  as  large  as  a  small  pin's  bead. 
These  are  evidently  seated  on  the  posterior 
part  of  the  cornea,  and  may  be  referred  to 
the  ])Osterior  elastic  lamina.  They  accom- 
pany an  inflammatory  affection  in  which  the 
walls  of  the  aqueous  chambers  seem  to  be 
chiefly  involved,  in  which  the  iris  is  usually 
mottled  and  dull,  the  pupil  inactive,  and 
the  sclerotica  more  or  less  injected.  Such 
a  dotted  ojiacity  was  long  since  ])oiriled  out 
by  Mr.  Wardrop,  and  admits  of  removal, 
provided  the  pro|)er  treatmeni  is  commenced 
early  enough.  It  probably  consists  of  an 
ordinary  inflaumiatory  deposit  of  lymph. 

There  is  still  another  kind  of  dotted  opa- 
city, occurring  in  the  posterior  elastic  lamina, 
which  1  would  distinguish  from  all  those  yet 
mentioned,  and  which  is  met  with  in  eyes 
which  have  suffered  a  slow  disorganizing 
process,  through  sympathy  with  the  oppo- 
site organ  previously  lost  by  operation  or 
accident.  In  this  the  dots  are  remarkably 
round  and  separate  fi'om  one  another,  often 
brownish,  and  therefore  overlooked,  and 
scattered  pretty  uniformly  over  a  portion  or 
the  whole  of  the  cornea.  Though  these 
sometimes  grow  fainter  under  appropriate 
treatment,  I  have  never  seen  them  altogether 
»emoved. 

Warty  opacify  of  the  cornea. — It  will 
readily  be  conceived  that  opportunities  but 
gpldom  offer  of  submitting  si)cciuiens  of  the 
several  forms  of  opacity  to  exact  scrutiny  by 


the  microscope.  On  this  account  I  shall 
make  no  apology  for  describing  the  a|)pear- 
ances  of  an  opaque  spot  which  occurred  on 
the  front  of  the  cornea  of  an  ox,  and  which 
I  examined  in  the  fresh  state.  It  was  about 
an  eighth  of  an  inch  across,  slightly  raised 
and  densely  opaque,  and  it  seemed  to  have 
been  the  result  of  an  ulcer,  for  the  lamellated 
tissue  was  involved  to  a  slight  depth,  and 
had  been  replaced  by  new  tissue,  as  repre- 
sented in  Fig.  G.   This  new  tissue  was  dense 


Fig.  G. 


Fig.  G. — Vertical  section  of  an  opacity  of 
the  cornea  of  an  ox.  a,  new  tissue  in 
place  of  destroyed  lamellated  tissue  :  pa- 
pilla; are  developed  on  it,  surmounted  by 
opaque  and  thick  conjunctival  epithelium, 
or,  as  it  might  be  here  called,  epidermis. 
b,  healthy  lamellated  tissue  below  the 
opaque  spot.    (Magnified  slightly). 

and  fibrous,  and  hardly  admitted  the  light 
to  j)ass  through  it  even  when  cut  very  thin. 
It  contained  a  large  admixture  of  irregular 
nuclei  and  elastic  tissue  passing  in  all  direc- 
tions. But  what  was  most  remarkable  was, 
that  this  substitute  for  the  proper  corneal 
tissue  was  thrown  up  under  the  conjunctival 
epithelium  in  the  form  of  numerous  papilla, 
arranged  in  much  the  same  way  as  we  find 
them  in  the  more  highly  developed  parts  of 
the  skin,  though  apparently  without  vessels, 
and  of  a  texture  too  opaque  to  be  jirecisely 
described.  The  epilhelium  over  these  ])a- 
pilla;  was  likewise  opaque  and  diseased, 
being  composed  of  a  compact  aggregation 
of  nucleated  particles,  which  contained  nu- 
merous 0])aque  granules,  and  failed  to  pre- 
sent that  regular  gradation  from  the  sphe- 
roidal to  the  scaly  figure,  which  is  natural 
in  this  situation.  The  extreme  sur''ace  only 
was  scaly.  I  cannot  help  regarding  this 
morbid  condition  as  one  of  considerable 
interest,  both  as  a  proof  of  the  affinities  of 
the  cornea  to  the  integumental  tissues,  and 
as  an  example  of  the  definite  organization  of 
the  new  materials  into  persistent  forms, 
opaque  and  otherwise  different  from  the 
original  structure  which  they  supplant,  and 
incapable  of  remedy.  • 

I  shall  conclude  the  present  lecture  with 
a  short  description  of  the  structure  which 
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replaces  the  cornea  when  wholly  or  partially 
destroyed,  so  as  to  constitute  the  state 
known  as  staphyloma. 

The  whole  thickness  of  the  cornea,  in  ~a 
larger  or  smaller  extent,  having  perished 
from  any  cause,  the  iris  is  exposed,  and 
occupies  the  breach,  becoming  adherent  to 
the  border  of  the  gap  formed  by  the  removal 
of  the  lost  part.  If  the  contents  of  the 
globe  do  not  further  escape,  and  the  eyeball 
consequently  collapse,  time  is  afforded  for 
reparative  processes  to  take  place,  by  which 
the  opening  is  filled  with  new  material  by~ 
granulation.  At  first  this  new  material  is 
soft,  vascular,  and  nearly  on  a  level  with  the 
surrounding  parts;  and,  if  nature  is  allosved 
to  proceed  with  bar  operations  undisturljed, 
it  gradually  acquires  firmness,  toughness, 
and  considerable  density,  so  as  to  appear 
not  unlike  the  original  cornea,  except  that  it 
is  opaque.  It  becomes  covered  with  an 
epithelium  continuous  with  the  conjunctival, 
just  as  an  ulcer  of  the  skin  acquires  an  in- 
vestment of  cuticle  as  it  heals.  This  pro- 
cess was  first  exj)laiued  by  Mr.  Wharton 
Jones,  in  an  able  paper  published  in  the 
Medical  Gazutte,  vol.  xxi.  p.  8-t7. 
Now  in  some  cases,  from  causes  which  it  is 
unnecessary  for  me  at  present  to  specify, 
this  cicatrix  continues  to  retain  the  contents 
of  the  globe  within  their  proper  bounds, 
and  the  patient  experiences  little  inconve- 
nience beyond  the  loss  of  vision  ;  but  in 
other  instances  the  new  material  begins 
after  a  time  to  evince  its  want  of  coherence 
and  strength,  by  bulging  slightly  under  the 
pressure  occasioned  by  the  accumulation  of 
■fluid  behind  it, — that  is,  of  course,  behind 
the  iris,  in  the  posterior  chamber  of  the  eye. 


Should  the  projection  increase  beyond  a 
certain  size,  it  assumes  au  unsightly  appear- 
ance. Interferes  with  the  movements  of  the 
lids,  so  as  at  last  even  to  prevent  their 
closure,  and,  in  a  word,  grows  into  such  a 
source  of  annoyance  and  irritation,  that  it 
requires  to  be  got  rid  of.  This  is  usually 
done  by  the  knife,  and,  the  lens  being 
allowed  to  escape,  the  eyeball  permanently 
shrinks  to  a  small  size. 

The  whole  substance  of  the  cicatrix  being 
shaved  off  from  the  front  of  the  globe, 
affords  us,  now  and  then,  the  opportunity  of 
examining  its  structure  in  the  perfectly 
recent  state,  which  we  can  seldom  do  with 
any  otiier  of  the  morbid  tissues  of  which 
this  organ  is  the  ssat,  I  had  such  an  oppor- 
tunity last  summer,  in  the  ease  of  a  little 
girl ;  and  the  following,  in  few  words,  is  a 
description  of  the  structure  of  the  tough 
opaque-  membrane  which  occupied  the  place 
of  the  lost  cornea.  Its  thickness  was  very 
unequal ;  its  posterior  surface,  to  which 
portions  of  the  iris  adhered,  being  irregularly 
pitted,  or,  as  it  were,  worm-eaten  ;  its  an- 
terior surface  was  formed  by  a  thickish 
coating  of  epithelium,  somewhat  resembling 
cuticle,  being  composed  of  eight  or  tea 
layers  of  cells,  the  deep  ones  globular,  the 
superficial  ones  scaly,  and  more  like  epi- 
dermic  cells  than  those  of  the  healthy  cornea. 
There  was  no  anterior  elastic  lamina,  and  no 
posterior  elastic  lamina.  The  entire  remain- 
ing portion  of  the  thickness  of  the  staphyloma 
consisted  of  a  dense  and  most  irregular 
interweaving  of  white  and  yellow  fibrous 
tissue,  with  imperfectly  developed  nuclei 
intermingled,  and  tlie  meshes  of  the  tissues 
large,  unequal,  aud  op3n  on  all  sides. 


Fig.  7. 


Fig.  7.-Section  of  staphyloma;  treated  with  acetic  acid :  from  agirl.  (Slightly  magnified.) 


In  this  condition  we  have  an  eminent 
example  of  those  results  of  the  reparative 
action,  after  loss  of  substance  of  the  cornea, 
which  we  have  already  had  occasion  to  notice 
as  the  consequence  of  ulcers  or  small  sloughs, 
the  difference  here  being  that  the  new  ma- 
terial is  derived  in  a  great  measure  from  the 


vascular  iris,  and  not  merely  from  the  cornea 
Itself  We  see  how  far  the  reparative  powers 
faU  short  of  restoring  the  complex  and  elabo- 
rate structure  of  the  cornea  as  it  is  originally 
laid  down  in  the  development  of  the  bodv. 
1  he  thickness  of  the  new  cuticle  is  attributal 
ble  to  the  constant  frictioo  of  the  Jids 
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STRUCTURE  OF  THE  CHOROID  COAT. 


Lecture  III, 

Structure  of  the  choroid  coat — its  inflam- 
matory products  poured  out  on  its  inner 
surface  and  why  ? — Choroidal  epithe- 
lium.—  Cilia?-)/  body  and  processes. — 
Course  of  the  needle  in  the  operations  on 
the  lens  through  the  sclerotica.  Internal 
structure  of  the  ciliary  processes — their 
influence  on  the  nutrition  of  the  vitreous 
and  lens. — The  Iris — description  of  the 
iris  in  an  albino. — Contractile  tissue. — 
Vessels  and  nerves. — Mobility  of  the  iris. 
Ciliary  muscle  —  ciliary  nerves.  —  The 
vitreous  humour. — Suspensory  ligament 
of  the  lens — its  attachment  to  the  cap- 
sule of  the  lens,  with  a  description  of  the 
latter. — Relation  of  the  suspensory  liga- 
ment to  the  hyaloid  membrane. — Mode 
of  formation  of  the  canal  of  Petit. — Ad- 
justment of  the  eye  to  distinct  vision  at 
different  distances. 

In  the  preceding  lectures  I  have  described 
to  you  the  structure  of  the  sclerotica  and 
cornea,  and  have  endeavoured  to  illustrate 
some  of  the  processes  that  occur  in  them  in 
the  living  subject,  both  during  health  and 
disease.  At  present  I  propose  to  proceed 
■with  the  parts  that  lie  within  the  outer 
case. 

Of  the  internal  structures,  the  most  im- 
portant for  the  surgical  student  to  acquire 
an  exact  knowledge  of  are,  undoubtedly,  the 
iris  and  the  lens,  as  these  both  lie  full  in 
view,  and  are  often  the  seat  of  mechanical 
hindrances  to  sight,  which  it  is  in  the  power 
of  the  operator  to  remove. 

To  understand  the  position  and  arrange- 
ment of  these  two  structures  it  will  be  ne- 
cessary fjr  me  to  speak  briefly  of  the  choroid 
membrane  (of  which  the  iris  may  be  regarded 
as  a  production),  and  its  ciliary  processes, 
and  of  the  aqueous  and  vitreous  humors. 

Of  the  choroid  membrane. — The  delicate 
choroid  membrane,  placed  within  the  scle- 
rotica, between  that  coat  and  the  retina,  has, 
of  course,  the  same  general  shape  and  cur- 
vature that  these  have.  It  is  essentially  a 
vascular  coat,  and  consists  chiefly  of  blood- 
vessels, amongst  which,  however,  in  most 
cases  an  abundant  pigment  is  interspersed 
in  nucleated  cells  which  diverge  into  very 
irregular,  often  branching,  processes,  va- 
riously inclined  as  regards  the  other  tissues. 
A  peculiar  fibrous  tissue  is  added,  which 
holds  all  in  place  and  confers  some  little 
toughness  upon  the  membrane. 

If  we  remove  the  sclerotica  and  cornea 
from  a  recent  human  eye  under  water, 
we  find  that  the  choroid  is  of  a  dark 
sepia  colour,  slightly  adherent  to  the 
outer  case,  near  where  the  optic  nerve 


passes  through  them  both  to  terminate  in 
the  retina,  but  in  the  rest  of  its  extent 
hardly  if  at  all  united  to  that  dense  fibrous 
membrane  ;  except,  indeed,  at  the  anterior 
margin,  where  the  sclerotica  joins  the  cor- 
nea, and  where  the  adhesion  of  the  choroid 
is  of  such  a  kind  as  to  require  a  separate 
description  afterwards. 

The  exposed  surface  of  the  choroid  is 
slightly  flocculent,  and  some  of  the  pigment 
easily  separates  and  diffuses  itself  in  the 
water.  The  ciliary  nerves,  which  have 
pierced  the  sclerotica  a  little  in  front  of  the 
optic  nerve,  are  seen  now  taking  a  forward 
course  (having  become  flattened),  and  divid- 
ing sparingly  into  branches  till  they  enter 
the  ciliary  muscle,  which  presents  itself  as  a 
broad  semi-transparent  greyish  belt  inter- 
vening between  the  sclerotica  and  choroid 
for  about  an  eighth  of  an  inch  all  round  the 
cornea.  When  the  choroid  has  been  so  fully 
injected  through  the  ciliary  arteries  that  the 
fluid  has  traversed  the  capillaries  and  also 
the  veins,  we  see  its  outer  surface  to  be 
composed  of  the  arterial  and  venous 
branches,  and  its  inner  surface  of  the  capil- 
laries. Tlie  arteries,  comparatively  small, 
take  a  meandering  course  forwards  between 
the  veins,  while  the  veins  run  in  curves, 
vasa  vorticosa,  to  four  or  five  principal 
trunks,  by  which  the  blood  leaves  the  organ. 
The  capillaries  form  on  the  inner  surface  of 
the  choroid  a  plane  plexus  with  close 
meshes  known  as  the  tunica  Ruyschiana. 
This  network  is  closer,  i.  e.  its  meshes  are 
smaller  in  the  hinder  part  than  in  front,  and 
the  vessels  finer.  It  is  the  most  important 
part  of  the  choroid,  because  the  capillaries 
are  a  more  important  structure  than  either 
arteries  or  veins — more  important,  I  mean, 
in  regard  to  the  function  of  the  membrane, 
and  also  as  respects  its  diseases.  In  no  other 
part  of  the  body  are  the  arteries  and  veins 
so  separated  by  a  natural  disposition  from 
their  own  capillaries,  and  it  is  most  interest- 
ing to  notice  in  accordance  with  this  circum- 
stance, that  when  the  choroid  is  inflamed  so 
that  inflammatory  products  result,  they  are 
poured  out  from  its  inner  surface  rather 
than  from  its  outer.  Covering  the  inner 
surface  of  the  choroid  is  a  layer  of  epithelium, 
with  more  or  less  -regular  hexagonal  nu- 
cleated particles,  and  in  most  cases  loaded 
with  grains  of  pigment.  This  is  the  choroi- 
dal epithelium,  known  also  as  the  mem- 
brane of  the  black  pigment ;  so  called  by 
Mr.  Wharton  Jones,  who  first  observed  its 
hexagonal  arrangement.  The  pigment, 
however,  you  will  observe,  is  not  limited  to 
this  epithelium,  but  exists  also  in  the  sub- 
stance of  the  choroid,  though  there  the  cells 
which  hold  it  are  irregularly  star-shaped 
and  furnished  with  diverging  processes.  In 
perfect  albinos  the  fame  epithelium  contains 
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no  pigment ;  while  in  imperfect  albinos,  I 
Lave  observed  that  it  contains  pigment, 
though  no  other  tissue  in  the  body  does. 

What  has  now  been  said  is  intended  to 
apply  to  the  choroid  only  as  far  forwards  as 
a  circular  line  about  an  eighth  of  an  inch 
distant  from  the  cornea.  In  front  of  this 
line  the  choroid  is  covered,  and  more  or  less 
concealed  from  view,  by  the  ciliary  muscle 
which  lies  on  its  outer  surface ;  and  if  we 
divide  the  globe  from  side  to  side,  so  as  to 
look  at  the  inner  surface  of  the  choroid 
through  the  vitreous  humour,  we  shall  see 
the  retina  lining  it  as  far  forwards  as  this 
line,  but  there  ceasing  by  a  finely  j"agged 
border,  ora  nerrata,  in  front  of  which  the 
choroid  is  modified  in  appearance,  assumes 
the  name  of  ciliar;/  body,  and -jpppears  to 
come  into  immediate  contact  with  the 
vitreous  humour. 

Tracing  the  choroid  forwards,  then,  from 
the  ora  serrata,  we  find  it  leaving  the  scle- 
rotica, being  separated  from  it  by  the  thin 
ciliary  muscle,  and  inclining  gradually  in- 
wards towards  the  axis  of  the  eye,  so  as  to 
encroach  upon  the  vitreous  more  and  more, 
as  the  ciliary  muscle  increases  in  thickness 
forwards. 

If  we  examine  the  inner  surface  of  this 
part  of  the  choroid,  or  that  towards  the 
vitreous  humour,  it  appears  marked  by  striae 
which  are  in  reality  very  slight  foldings,  but 
are  made  more  evident  by  variations  in  the 
depth  of  the  pigment.  The  strise  pass  from 
the  ora  serrata  about  3-4ths  of  the  way  to- 
wards the  lens.  This  is  the  pars  striata  of 
Zinn.  Then  commence  the  ciliary  processes 
of  the  choroid,  which  run  as  far  as  the  edge 
of  the  lens,  and  often  a  little  beyond  the 
edge,  so  as  to  overlap  it,  but  not  to  touch 
it.  These  ciliary  processes,  the  pars  pli- 
cata,  are  true  and  very  decided  foldings  of 
the  choroid  running  in  between  correspond- 
ing folds  of  the  vitreous  humour,  and  thus 
taking  firm  hold  of  it.  They  are  from  60  to 
65  in  number;  but  it  is  impossible  to  enu- 
merate them  with  exactness,  because  there 
intervene  smaller  ones  of  various  size,  some 
of  which  may  be  either  counted  or  not  with 
•  the  rest.  Examining  the  ciliary  processes 
individually,  each  commences  gradually  from 
the  strise  already  mentioned,  and  projects 
into  the  cleft  between  two  corresponding 
folds  of  the  vitreous,  increasing  in  depth 
forwards,  until  close  to  the  border  of  the 
lens  as  it  lies  imbedded  in  the  front  of  the 
vitreous  humour.  Arrived  here,  each  ciliary 
fold  attains  its  greatest  depth,  and  termi- 
nates abruptly  by  its  extreme  edge  chang- 
ingits  direction  and  turning  forwards  and  out- 
wards from  the  lens  towards  the  back  of  the 
iris,  with  which  latter  it  becomes  continuous 
and  then  suddenly  ceases.  In  thus  bend- 
ing away  from  the  lens,  each  ciliary  process, 
of  course,  leaves  the  vitreous  humour,  and 


is  110  longer  buried  in  its  surface  and  united 
to  it,  but  leaves  a  very  narrow  space  around 
the  lens  in  which  the  vitreous  humour  ap- 
pears to  contribute  to  bound  the  posterior 
chamber  of  the  eye  :  the  remainder  of  each 
ciliary  process  in  passing  to  the  back  of  the 
iris  likewise  helping  to  limit  the  same 
chamber  near  its  rim.  Thus  you  will  ob- 
serve, looking  at  the  eye  in  the  living  sub- 
ject, that  a  needle  passed  through  the  scle- 
rotica towards  the  axis  of  the  eye  at  any  dis- 
tance within  an  eighth  of  an  inch  of  the 
cornea,  would  first  pierce  the  ciliary  mus- 
cle ;  then,  if  in  the  hinder  part  of  this  space, 
it  would  traverse  the  pars  striata  and  enter 
the  vitreous  humour  ;  if  in  the  fore  part,  it 
would  pass  through  or  between  the  ciliary 
processes  of  the  choroid,  and  according  to 
the  direction  given  to  it  might  be  made  to 
enter  the  vitreous  humour  behind  the  lens, 
or  the  lens  itself,  or  the  posterior  chamber 
of  the  eye ;  but  that  to  enter  the  latter 
without  wounding  the  lens  would  be  almost 
impossible,  so  narrow  is  the  space. 

Internal  structure  of  the  ciliary  processes, 
— The  ciliary  processes  are  covered  with  a 
modification  of  the  choroidal  epithelium,  of  a 
dark  brown  colour,  which  is  deepest  in  the 
clefts  between  them,  their  tips  being  gene- 
rally pale  in  the  adult  human  eye,  though 
not  in  animals  generally.  Under  this  is 
spread  out  a  close  network  of  vessels,  con- 
tinuous with  those  of  the  choroid  behind, 
but  more  capacious,  and  therefore  coarser  in 
appearance  in  an  injected  specimen.  Their 
meshes  follow  the  line  of  the  folds.  These 
vessels  must  have  a  great  influence  on  the 
nutrition  of  the  vitreous  body  and  of  the 
lens  itself,  from  their  proximity  to  both, 
and  from  the  multiplied  surface  of  the 
vitreous  which  they  are  in  relation  to  :  of 
which  I  shall  give  you  this  proof  derived 
from  a  morbid  process — viz.  that  in  a  case 
of  destructive  inflammation  of  the  eye  at- 
tended with  the  formation  of  lymph  in  large 
quantity  on  the  inner  surface  of  the  choroid 
generally,  forcing  the  retina  inwards  upon 
the  vitreous  humour,  this  humour  itself 
contained  throughout  a  multitude  of  those 
particles  which  appear  under  inflammation, 
and  which  I  alluded  to  in  my  last  lecture  ; 
but  while  the  superficial  parts  of  the  vitreous 
were  every  where  more  loaded  than  the  cen- 
tral parts,  in  no  portion  was  there  so  dense 
a  deposit  of  this  morbid  material,  the  re- 
sult of  inflammatory  action,  as  opposite  the 
ciliary  processes  and  around  the  lens.  The 
morbid  state  of  the  choroid  was  uniform, 
but  the  vitreous  was  chiefly  contaminated  in 
those  regions  in  which  the  natural  process 
of  nutrition  is  most  actively  conducted,  in 
consequence  of  their  contiguity  to  the  supply 
of  blood. 

Such  is  the  complexity  of  the  parts  which 
we  are  now  endeavouring  to  understand  the 
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disposition  of,  that  I  am  at  souie  loss  to 
determine  whicii  it  will  be  best  to  place 
next  ill  the  order  of  description.  Perhaps 
on  the  whole  it  will  be  most  convenient  for 
us  now  to  turn  our  attention  to  the  iris. 

Of  the  Iris. — This,  as  you  are  aware,  is  a 
contractile  curtain,  suspended  in  the  aqueous 
humour  before  the  lens,  with  the  pupillary 
aperture  near  the  centre,  (though  rather  to 
the  inner  side),  to  give  passage  to  the  light. 
It  may  be  regarded  from  its  position  as  a 
process  of  the  choroid  membrane,  although 
its  texture  is  in  a  great  degree  different  there- 
from :  still  it  is  continuous  with  that  coat  by 
its  vessels  and  its  surfaces,  and  it  is  besides 
convenient  to  the  learner  to  consider  it  in 
this  relation.  > 

To  understand  the  position  of  the  iris,  we 
will  revert  for  a  moment,  if  you  please,  to 
that  most  important  region,  that  key  to  the 
anatomy  of  these  parts,  the  line  of  junction 
of  the  sclerotica  and  cornea,  on  their  inner 
surface.  Here,  you  will  remember,  the 
posterior  elastic  lamina  of  the  cornea  ter- 
minates in  a  network  of  plexiform  elastic 
fibres  which  run  backwards  so  as  to  form  a 
threefold  connexion — some  to  the  sclerotica, 
on  the  further  side  of  the  circular  sinus  ;  a 
large  quantity  to  furnish  the  origin  of  the 
ciliary  muscle;  and,  lastly,  a  smaller  set, 
which,  after  bounding  the  aqueous  humour 
at  the  rim  of  the  anterior  chamber,  implant 
themselves  into  the  anterior  surface  of  the 
iris  at  its  circumference.  By  these,  then, 
the  iris  in  part  arises,  or  acquires  an  at- 
tachment to  the  outer  case.  These  are  what 
I  have  termed  the  pillars  of  (he  iris ;  they 
are  much  more  developed  in  some  animals 
than  in  man,  but  in  the  human  eye  they 
nevertheless  are  very  distinct,  and  to  be 
seen  without  difficulty.  I  have  drawings  on 
the  table  of  their  appearance  in  several  of 
the  lower  animals.  In  the  bird  they  are 
very  largely  developed,  and  come  not 
merely  from  the  posterior  elastic  lamina, 
which  is  not  thick  in  that  class,  but  also 
from  the  posterior  lamellse  of  the  cornea 
proper.  Behind  the  pillars  the  iris  is  fixed 
to  some  of  the  fibres  from  which  the  ciliary 
muscle  arises,  and  which  are  there  passing 
almost  directly  backwards  towards  the  tips 
of  the  ciliary  processes,  which  last  abut  in 
the  posterior  chamber  against  the  iris,  and 
become  continuous  with  its  posterior  sur- 
face. The  iris  is,  therefore,  intimately  con- 
nected at  its  origin  with  the  ciliary  muscle  ; 
a  fact  important  to  remember  with  reference 
to  some  of  the  functions  of  these  parts. 

The  iris  has  two  surfaces,  which  are 
nearly  parallel ;  the  anter  ior  is  that  which 
we  see  so  elegantly  bright  through  the  cor- 
nea ;  the  posterior,  commonly  known  as  the 
uvea,  is  always  dark  brown,  with  pigment 
disposed  in  cells  which  form  a  layer  easily 
detached,  and  of  the  nature  of  an  epithelium. 


traceable  into  that  covering  the  ciliary  pro- 
cesses of  the  choroid.  This  epitlielium  1  have 
seen  raised  in  blisters  by  the  imbibition  of 
water  after  death.  The  posterior  surface  of 
the  iris  usually  presents  small  folds  converg- 
ing towards  the  pupil,  especially  when  that 
aperture  is  contracted.  It  forms  the  anterior 
wall  of  the  posterior  chamber  of  the  eye. 

On  the  anterior  surface  of  the  iris  are  to 
be  seen  many  varieties  of  colour  and  even 
of  texture,  with  some  of  which  every  one  is 
familiar  ;  but  it  is  not  till  the  attention  has 
been  minutely  drawn  for  some  time  to  the 
appearances  of  this  part  that  the  extent  of 
these  varieties  will  be  suspected.  Much 
depends  on  the  pigment,  which  is  not  only 
in  some  individuals  disposed  in  considerable 
quantity  op  the  front  surface  of  the  iris,  but 
in  all  cases  (excepting  albinos,  where  no  or- 
gan possesses  it),  is  intermixed  more  or  less 
with  the  elementary  tissue  of  the  iris,  not 
only  so  as  to  modify  the  aspect  of  its  sur- 
face, but  even  making  it  very  difficult  to 
trace  the  exact  nature  of  the  proper  con- 
tractile material  which  we  are  quite  sure 
exists  in  the  membrane.  And  it  is  for  this 
reason  that  albino  specimens  are  the  best 
adapted  for  examination  of  the  iris. 

Looking,  then,  at  the  eye  of  an  albino, 
we  observe  on  the  front  of  the  iris,  when 
the  pupil  is  contracted  so  as  to  bring  the 
texture  most  completely  into  view,  a  number 
of  elevated  lines  or  fibres  (Converging  towards 
the  pupil,  and  becoming  more  prominent  as 
they  approach  it.  As  these  lines  are  ir- 
regular in  size  and  length,  and  run  some- 
what into  one  another,  it  is  impossible  to 
count  them  accurately,  but  they  are  about 
40  in  number.  Arrived  at  about  1-lOth  of 
an  inch  fr^  the  margin  of  the  pupil,  they 
terminate  in  an  irregular  series  of  knotty 
prominences  of  similar  texture,  which  are 
also  joined  to  one  another,  so  as  to  form  a 
kind  of  zigzag,  irregular  ring,  beyond  which 
the  iris  is  usually  thinner,  and  marked  with 
very  fine  converging  and  anastomosing  lines 
which  run  on  to-  the  extreme  edge  of  the 
pupil.  In  some  examples,  and  it  was  so  in 
that  from  which  the  diagram  before  you  was 
taken  (fig.  8),  there  is  at  the  very  verge  of 

Fig.  8. 


Inner  side. 


Front  view  of  the  iris  of  an  albino,  with  the 
pupil  contracted  in  a  strong  sun-light.  The 
appearances  illustrate  the  verbal  descrip- 
tion given  in  the  text.  Slightly  magnified. 
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Ihe  pupil  na  appearance  of  a  set  of  circular 
fibres,  delicate  and  narrow,  but  sufficiently 
distinct,  while  in  the  majority  of  those  spe- 
cimens which  1  have  examined,  even  under 
high  powers  of  the  microscope,  I  have  been 
unable  to  discover,  and  feel  sure  that  there 
do  not  exist,  any  such  circular  constrictor 
fibres  of  the  pupil.  The  fibres,  however,  in 
all  cases,  as  they  run  to  the  edge  of  the 
pupil,  join  one  another  in  a  plexiforni  man- 
ner, and  I  am  disposed  to  believe  that  this 
lateral  junction  of  fibre  with  fibre  may  in 
effect  answer  the  same  purpose — viz.  that  of 
diminishing  the  central  aperture  of  the  iris — 
as  a  belt  of  circular  fibres  would  do. 

Fibies  of  the  iris. — The  fibres  which 
make  up  the  proper  substance  of  the  iris 
are  of  a  peculiar  kind,  very  nearly  allied  to 
the  ordinary  unstriped  muscle,  but  not  by 
any  means  identical  with  it.  They  are  pale, 
soft,  easily  torn  and  separated  from  one 
another,  and  are  intermixed  with  very  nu- 
merous nuclei  or  cyto-blasts,  either  circular 
or  elongated  according  to  the  direction  of 
the  fibres,  and,  indeed,  very  probably  chang- 
ing their  shajie  in  corresj)ondence  with  the 
contracted  or  relaxed  condition  of  the  fibres 
themselves,  as  1  have  observed  those  to  do 
which  exist  on  and  within  friie  striped  kind 
of  elementary  muscular  fibre.  In  the  iris 
we  find  abundance  of  fibres  of  a  peculiar 
kind,  extremely  slender,  looking  under  high 
powers  like  very  fine  hairs,  and  apparently 
not  branching.  Among  these  are  numerous 
circular  nuclei,  and  I  do  not  know  whether 
they  are  to  be  regarded  as  contractile  or  not. 

The  fibres  which  we  see  on  the  front  of 
the  iris,  with  the  ring  of  knotty  elevations" 
in  which  they  join  each  other  near  the  mar- 
gin of  the  pupil,  all  consist  of  fibres  loaded 
with  nuclei,  and  must  be  regarded  as  of  a 
contractile  nature,  although  they  are  not  in 
all  respects  the  same  as  fibres  which  we 
know  to  be  muscular  in  other  parts.  We 
have,  however,  the  certainty  that  there  is  a 
structure  in  the  .iris  which  enables  it  to 
change  its  form.  That  this  is  not  of  an 
erectile  nature  I  shall  be  able  to  show  you, 
and  we  have  no  other  resource,  therefore, 
than  to  consider  the  fibres  contrac  ile  of 
which  we  find  it  to  consist.  When  we 
further  discover  that  the  corresponding  fibres 
in  birds  and  reptiles  are  of  the  striped  va- 
riety of  muscle,  we  need  not  hesitate  to 
admit  the  muscularity  of  the  unstriped 
fibres  of  the  mammalian  iris ;  for  we  have 
the  same  general  grounds  for  doing  so  as  for 
admitting  the  muscularity  of  unstriped 
muscle  in  other  parts,  and  the  latter  confir- 
matory argument  in  addition. 

Vessels  of  the  iris. — The  iris  is  vascular 
— about  as  vascular  as  unstriped  muscle  in 
other  parts,  and  the  vessels  very  similar  in 
size  and  arrangement  to  those  found  else- 
where in  like  structures.    They  are  slender, 


distributed  among  and  along  with  the  fibres, 
so  that  in  a  dry  injected  specimen  you  might 
infer  the  direction  of  the  fibres  from  that  of 
the  vessels.  Having  already  described  the 
general  course  of  the  fibres,  I  need  not  de- 
tain you  with  that  of  the  blood-vessels,  but 
shall  only  remark  that  they  are  derived  chiefly 
from  the  two  long  ciliary  arteries,  which, 
piercing  the  sclerotica  behind,  advance  over 
the  choroid,  one  on  each  side,  in  the  hori- 
zontal plane  of  the  eye,  over  the  ciliary  mus- 
cle as  far  as  the  border  of  the  iris,  naar 
which  they  bifurcate,  so  as  to  encircle  that 
part  with  a  vascular  ring,  from  which  both 
it  and  the  ciliary  muscle  are  mainly  sup- 
plied. 

At  a  small  distance  from  the  margin  of 
the  pupil,  on  the  anterior  surface,  a  delicate 
circle  of  anastomosing  vessels  marks  the  line 
from  which  the  membrana  pupillaris  passed 
in  foetal  life,  and  from  which  it  was  supplied 
with  blood.  Small  brown  shreds  of  this 
membrane  sometimes  remain  through  life, 
hanging  free  in  the  aqueous  humour.  At 
the  pupillary  edge  of  the  iris  a  minute  circlet 
is  formed  by  the  junction  of  vessels  of  al- 
most capillary  size. 

Nerves  of  the  iris. — The  iris  is  likewise 
supplied  with  nerves,  which  are  abundant 
compared  with  its  bulk.  They  are  branches 
of  the  ciliary  nerves,  which,  passing  through 
the  ciliary  muscle,  are  prolonged  into  the 
iris.  Arrived  here,  it  is  not  easy  to  trace 
their  further  distribution  on  account  of  the 
pigment  scattered  amongst  the  several  tis- 
sues, and  also  because  they  appear  to  lose 
that  constituent  which  gives  them  their  most 
recognizable  character,  viz.  their  double  dark 
contour.  Tiie  latter  cfrcumstance  is,  I  think, 
more  common  in  several  tissues  (and  among 
them  is  the  unstriped  muscle)  than  anato- 
mists have  generally  held  ;  still,  as  the  nerve- 
fibres  do  not  lose  their  dark  border  all  at 
once,  they  may  be  traced  for  some  distance, 
especially  in  albino  animals  :  and  I  have 
frequently  found  them  inclining  across  the 
muscular  fibres  before  they  break  up  into 
their  terminal  branching,  and  become  lost 
to  view. 

Fig.  9. 


Front  view  of  the  same  iris  as  that  repre- 
sented in  the  last  figure  ;  but  here  with 
the  pupil  dilated  to  the  utmost  by  atro- 
pine. 

Magnified  as  before. 

MobUity  of  the  iris. — The  great  extent 
to  which  the  iris  is  capable  of  movingT  so 
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aa  to  vury  the  size  of  its  pupillary  orifice, 
is  very  remarkable,  and  is  well  illustrated  hy 
fig.  8  compared  with  fig.  9.  Both  these  re- 
present the  same  iris  of  a  male  albino,  with 
the  pupil  at  first  much  contracted  under  a 
.•^tronif  sunlight,  and  then  fully  dilated  by 
the  application  of  a  solution  of  atropine  to 
the  front  of  the  eye.  1  have  already  de- 
scribed the  appearance  of  the  iris  in  the 
former  of  the  two  states.  'I'lie  distance 
from  the  greater  circumference  to  the  margin 
of  the  pupil  is  about  one-fourth  of  an  inch  : 
in  tbe  latter  state,  it  is  hardly  one-twelfl;h 
of  an  inch  ;  while  the  converging  striae,  and 
circle  of  knotty  elevations  near  the  pupil, 
are  thrown  into  a  wavy  slack  condition,  in 
which  they  can  be  but  imperfectly  traced. 
At  the  saaie  time,  the  tissue  immediately 
bounding  the  pupil  is  so  extremely  attenu- 
ated by  the  stretching  it  has  underfio  e  as  to 
be  hardly  any  longer  visible.  The  pupil 
itself  is  capable  of  varying  from  one- 
twentieth  to  one-third  of  an  inch  in  di- 
ameter. 

Of  the  ciliary  muscle. — I  now  come  to 
consider  tli&  structure  and  arrangement  of 
the  ciliary  mttscle, — a  part  not  known 
under  that  name,  but  usually  called  the 
ciliary  circle,  on  account  of  tbe  general 
doubts  entertained  of  its  real  nature.  Some 
anatomists,  especially  the  acute  and  inge- 
nious Porterfield,  deemed  it  to  be  muscular, 
although  in  his  day  minute  anatomy  was  so 
little  advanced  that  no  sufficiently  conclu- 
sive arguments  could  be  advanced  in  support 
of  either  that  or  any  other  view.  Others 
have  regarded  it  as  a  nervous  ganglion,  or 
plexus,  on  account  of  the  large  supply  of 
ciliary  nerves  whii.h  it  receives  ;  while  the 
greater  number,  esjiecially,  I  think,  during 
the  present  century,  have  been  content  to 
look  upon  it  as  a  cellular  or  peculiar  tissue, 
establishing  a  connexion  between  the  choroid 
iris  and  sclerotica.  It  forms  a  greyish 
semi-transparu'Ht  band,  about  one-eighlh  of 
an  inch  broad,  on  the  outer  surface  of  the 
choroid,  between  the  choroid  and  sclerotica  ; 
for  I  do  not  admit,  with  some  anatomists, 
that  the  choroid  encloses  this  structure  by 
splitting  in  front  into  two  laminte.  It  is 
thickest  in  front,  at  its  anterior  edge,  and 
becomes  gradually  thinner  backwards,  ter- 
minating about  on  a  line  with  the  ora  serrala 
before  mentioned,  and  corresponding,  there- 
fore, on  its  inner  surface  to  that  striated 
and  plicated  pai  t  of  the  choroid  in  front  of 
the  retina,  where  the  choroid  takes  hold  of 
the  vitreous  body.  The  outer  surface  of  the 
muscle,  when  exposed  by  the  removal  of  the 
outer  rase,  looks  soft,  and  almost  gelatinous, 
and  it  is  not  easy  to  distinguish  in  it  any 
thing  like  fibrous  texture.  This  is  partly 
because  it  is  really  less  firm  than  many 
other  muscular  parts,  and  its  fibres  less  se- 
parated into  bundles  ;  but  partly  also  because 


its  fibres  are  arranged  rather  in  liiyers,  of 
which  the  outer  and  larger,  which  goes  from 
the  origin  of  the  muscle  to  its  posterior 
edge,  rovers  and  conceals  all  the  rest.  But 
if  a  piece  be  a  little  raised  by  the  knife,  and 
then  torn  up  by  the  forceps,  the  texture  is 
found  to  give  way  in  lines  divergins^  from 
the  border  of  the  cornea  more  readily  than 
in  any  other  direction  ;  and  further,  if  a 
successful  vertical  section  of  it  be  made  in  a 
backward  direction  from  the  cornea,  it  v(ill 
be  seen  to  present  more  or  less  evidently 
the  superposed  layers  as  they  are  repre- 
sented in  the  diagram.    (See  next  page.) 

Moreover,  if  we  examine  with  a  hisjli 
microscopic  power  the  texture  of  this  part, 
we  discover  a  fibrous  arrangement  in  the 
same  direction,  whtc-b  would  be  more  obvious 
if  the  fibres  were  more  separate  from  one 
another  than  they  really  are.  The  fibres  are 
then  see-i  to  be  loaded  with  roundish  or  oval 
nuclei,  often  precisely  similar  to  those  of  the 
best  marked  examples  oj'  the  unstriped 
muscle.  Lastly,  the  vessels  of  the  ciliary 
muscle  resemble  those  of  unstriped  muscle 
in  abundance  and  arrangement,  and  indicate 
in  the  most  dejided  manner  the  backward 
direction  of  the  fibres,  from  their  origin  at 
the  junction  of  the  cornea  and  sclerotica  to- 
wards the  anterior  region  of  the  choroid.  Tne 
vessels  are  derived  chiefly  from  the  same 
source  as  those  supplying  the  iris. 

T/ie  ciliary  nerves. — The  ciliary  nerves, 
16  or  20  in  number,  divide  as  they  advance 
between  the  sclerotica  and  choroid,  and  enter 
the  ciliiiry  muscle  at  its  po.  terior  border.  In 
its  substance  they  further  branch,  and  in  a 
great  measure  terminate,  running  more  or 
less  evidently  across  the  direction  of  the 
fibres,  and  losing  their  tubular  character  as 
they  blend  with  the  elements  of  the  tissue. 
Nothing  can  be  more  beautiful  than  the  ap- 
pearance of  these  nerves  in  the  bird's  eje  ; 
for  example,  in  one  of  the  common  domestic 
species.  Here  the  structure  we  are  d,  scrib- 
ing is  indisputably  muscular,  as  long  since 
pointed  out  by  Sir  Philip  Cram))ton,  though 
at  that  period  (more  than  thirty  years  ago) 
the  proof  derived  I'rom  the  anatomy  of  the 
elementary  fibre  was  wantiiig.  Like  that  of 
the  iris  in  the  same  class,  it  is  of  the  striped 
kind.  The  nerves  are  very  large  in  the 
bird's  eye,  and  very  white  ;  and,  advancing 
to  the  muscle  from  behind,  chiefly  on  one 
side,  they  change  their  direction  to  one  trans- 
verse to  the  fibres  of  the  muscle,  and  are 
distributed  among  these,  after  forming  an 
anastomosis  w  ith  other  twigs  going  to  the 
circular  striped  fibres  of  the  iris. 

It  is  interesting  to  notice  in  the  human 
eye,  and  in  that  of  other  animals,  an  uniform 
correspondence  between  the  size  of  the 
ciliary  nerves  on  the  one  hand,  and  that  of 
the  ciliary  muscle  on  the  other,  though  no 
doubt  the  amount  of  contrac  ile  material  in 
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the  iris  likewise  shares  in  governing  the 
size  of  these  nerves.  All  such  considerations 
as  I  have  now  eaumerated  concur  in  indi- 


cating the  muscularity  of  the  structure, 
thence  called  the  ciliary  muscle. 


Fig.  10. 


covjuncliva 


vitreous  humor 


General  section,  illusti'ating  the  arrangement 
of  the  parts  treated  of  in  the  present  lec- 
ture, a,  Fibrous  plexiform  tissue  de- 
rived from  the  posterior  elastic  lamina  of 
the  cornea,  passing  to  the  iris,  ciliary 
muscle,  and  sclerotica  ;  b,  circular  sinus; 
c,  conjunctival  vessels,  running  up  to  the 
margin  of  the  cornea,  and  entering  the 
anterior  portion  of  the  sclerotica  :  these 
become  enlarged  in  inflammation  of  the 
cornea,  d,  Choroidal  epithelium  on  the 
ciliary  body  ;  e  and  f,  the  two  elements 
of  the  suspensory  ligament  of  the  lens ; 
ff,  hyaloid  membrane ;  /  and  g  may  be 
traced  towards  the  lens,  forming  the  an- 
terior and  posterior  walls  of  (h)  the  canal 
of  Petit.  The  capsule  of  the  lens  is  seen 
becoming  thinner  behind  the  attachment 
of  the  suspensory  ligament. 

With  regard  to  the  use  of  the  ciliary 
muscle  this  is  not  the  time  to  descant :  but 
it  appears  to  be  so  placed  as  to  be  likely  to 
advance  the  lens  by  drawing  the  ciliary  pro- 
cesses towards  the  line  of  junction  of  the 
sclerotica  and  cornea,  and  also  perhaps  at 


the  same  time  by  exercising  compression  on 
the  sides  of  the  vitreous  body.  Such  a 
movement  of  the  lens  would  tend  to  adjust 
the  optical  mechanism  of  the  eye  to  vision  of 
near  objects. 

0/  the  vitreous  body. — We  may  now, 
gentlemen,  briefly  turn  to  the  vitreous  body 
or  humour, — a  part  of  considerable  impor- 
tance to  the  surgeon,  in  consequence  of  its 
relation  to  the  lens.  We  have  already  seen 
that  it  occupies  four-fifths  of  the  entire 
globe,  filling  the  concavity  of  the  retina, 
and  that  the  lens  is  encased,  as  it  were,  in 
its  front  part.  We  shall  find,  however,  that 
this  humour,  delicate  and  almost  diffluent 
as  it  is,  is  not  the  only,  or  even  the  prin- 
cipal agent,  that  holds  the  dense  and  com- 
paratively solid  lens  in  place,  but  that  an  ad- 
ditional structure,  the  suspensory  ligament 
of  the  lens,  is  in  reality  the  chief  suspender 
of  that  organ,  while  the  vitreous  humour 
itself  afi'ords  it  little  more  than  a  bed  or 
support  for  it  to  rest  upon. 

The  vitreous  humour  is  perfectly  transpa- 
rent, and  of  the  consistence  of  thin  jelly ; 
indeed,  some  portions  of  it  appear  to  be 
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hardly  more  coherent  tlian  wliite  of  egg.  It 
is  enveloped  in  a  very  delicate,  transparent, 
homogeneous  membrane,  the  hyaloid  mcm- 
hrane,  which  enables  it  to  retain  its  figure 
after  removal  from  the  globe,  provided  it  be 
placed  in  water.  Tlie  hyaloid  membrane  has 
a  few  delicate  nuclei  on  its  inner  surface,  and 
by  this  surface  it  adheres  intimately  to  the 
vitreous  substance.  No  vessels  in  the  adult 
eye  penetrate  the  hyaloid  membrane,  so  that 
the  nutrition  of  the  humour  is  carried  on  by 
the  vessels  of  the  retina,  and  of  the  ciliary 
processes  situated  on  its  exterior. 

With  regard  to  the  structure,  or  intimate 
physical  constitution  of  the  vitreous  humour, 
the  general  opinion  has  been  that  it  is  made 
up  of  an  infinite  number  of  interlacing  fibres 
traversing  it  throughout,  and  holding  water 
in  their  meshes.  In  favour  of  this  view,  it 
is  said  with  truth,  that,  if  the  hyaloid  be 
punctured,  the  water  rapidly  drains  off, 
leaving  a  vestige  of  solid  animal  matters; 
while  the  escape  of  its  water  is  much  more 
slow  when  its  texture  is  not  cut  into.  If 
the  globe  be  frozen,  the  vitreous  is  found 
divided  into  a  number  of  small  portions, 
which  might  be  supposed  to  be  thus  sepa- 
rated by  the  organic  network.  When, 
moreover,  the  vitreous  humour  is  immersed 
for  a  long  period  in  certain  fluids,  such  as 
alcohol,  or  dilute  nitric  acid,  it  becomes 
more  or  less  opaque  throughout,  and  gives 
some  indications  of  such  a  fibrous  structure 
as  I  have  just  alluded  to.  These  appear  to 
be  the  chief  grounds  on  which  this  notion 
rests.  It  seems  to  me,  however,  impossible 
to  discern  in  the  fresh  state,  and  with  the 
best  instruments,  the  faintest  trace  of  fibres 
in  this  humour.  I  was  formerly  of  a  dif- 
ferent opinion,  but  believe  I  was  deceived 
by  the  fibrous  aspect  of  the  suspensory  liga- 
ment of  the  lens,  which  is  in  close  contact 
with  the  front  of  the  vitreous  humour.  In  the 
examination  of  parts  so  delicate  and  trans- 
parent, the  greatest  care  is  requisite  to  avoid 
error.  The  texture  of  the  specimens  ren- 
dered opaque  is  not  fibrous,  but  homogeneous, 
and  finely  granular. 

The  fluid  collected  from  the  vitreous  hu- 
mour by  suspending  it  over  a  glass  differs 
but  little  from  water :  it  contains  a  little 
albumen,  and  some  salts. 

The  vitreous  body  is  in  contact  with  the 
retina  as  far  forwards  as  the  retina  extends, 
viz.  up  to  the  ora  serrata,  and  presents  a 
smooth  surface,  having  but  a  slight  connec- 
tion with  the  retina,  by  means  of  a  layer  of 
very  transparent  cells.  Near  the  bottom  of 
the  eye,  however,  at  that  part  of  the  vitreous 
which  corresponds  to  the  entrance  of  the 
optic  nerve,  a  more  intimate  union  subsists 
between  the  hyaloid  and  the  outer  case,  by 
an  inflection  of  it  inwards  upon  a  structure 
which  advances  into  the  vitreous  towards 
the  lens,  and  which,  in  the  earlier  periods  of 


development,  appears  to  have  been  a  process 
of  the  retina,  together  with  the  vessels,  now 
altogether  atrophied,  which  supplied  the  lens 
with  blood. 

Suspensory  ligament  of  the  lens. — But  in 
front  of  the  ara  serrata  the  vitreous  humour 
comes  into  intimate  relation  with  the  ciliary 
body  of  the  choroid,  and  presents  a  circle  of 
folds  and  intervening  sulci,  which,  for  some 
way  towards  the  lens,  correspond  accurately 
to,  and  receive  those  of  the  choroid.  Never- 
theless, there  intervenes  here  between  the 
vitreous  and  the  choroid  a  special  structure, 
which  is  best  distinguished  by  the  term  ap- 
plied to  it  by  that  excellent  anatomist.  Pro- 
fessor Retzius,  of  Stockholm,  viz.  suspen- 
sory ligament  of  the  lens.    This  may  be 
described  as,  first,  a  tough  granular  milky- 
looking  membrane,  clothing  the  inner  sur- 
face of  the  ciliary  body,  within  the  cho- 
roidal epithelium,  continuous  behind,  at  the 
ora  serrata,  with  the  retina,  but  clearly  not 
nervous  in  structure;  and,  becoming  gradu- 
ally attenuated  and  lost  at  the  tips  of  the 
ciliary  processes,  as  these  subside  into  the 
posterior  surface  of  the  iris  (fig.  10,  e)  :  and 
2d,  of  an  elastic  transparent  fibro-membra- 
nous  structure,  a  production  from  the  whole 
inner  surface  of  the  first,  and  extending  as 
far  as  the  capsule  of  the  lens  (fig.  10,/). 
This  second  fibro-membranous  part  of  the 
suspensory  ligament  is  the  main  support  or 
suspender  of  the  lens,  attaching  it  to  the 
whole  circle  of  the  processes  of  the  ciliary 
body.    It  is  essentially  a  membrane,  which 
in  its  course  to  the  lens  assists  in  bounding 
the  posterior  chamber  of  the  eye,  separat- 
ing the  aqueous  humour  from  the  vitreous. 
But  there  are  in  connection  with  this  mem- 
brane a  large  number  of  flat,  stifi",  elastic 
fibres,  which  bend  irregularly,  like  straws, 
and  which  are  implanted  separately  into 
the  capsule  of  the  lens.    These  fibres  are 
tough  and  strong,  if  such  terms  may  be  ap- 
plied to  parts  of  such  delicacy  ;  but  I  use 
them  in  a  comparative  sense. 

Mode  of  attachment  of  the  suspensory 
ligament  to  the  capsule  of  the  lens. — 
To  enable  you  to  understand  how  the  sus- 
pensory ligament  takes  hold  of  the  lens, 
it  will  be  advisable  to  advert  to  the  anatomy 
of  its  capsule.  You  are  doubtless  aware 
that  the  lens  is  a  solid  body  of  very  compli- 
cated structure,  enclosed  in  an  entire  and 
everywhere  closed  capsule.  This  capsule  is 
the  same  in  chemical  and  physical  characters 
with  the  posterior  elastic  lamina  of  the  cor- 
nea, with  which  you  are  already  acquainted. 
The  fibro-membranous  element  of  the  sus- 
pensory ligament  is  also  very  similar  indeed 
in  chemical  characters,  and  I  cannot  help 
regarding  it  as  having  the  same  relation  to 
the  capsule  of  the  lens  as  the  fibrous  cordage 
has  to  the  posterior  elastic  lamina.  They 
are  intimately  united,  or,  if  you  please,  one 
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is  in  both  cases  derived  from,  or  a  process 
of,  the  other.  The  capsule  of  the  lens  is 
much  thicker  in  front  than  it  is  behind  :  and 
I  shall  now  mention  a  circumstance  that  I 
believe  has  not  been  noticed  before,  but 
which  bears  on  the  view  I  have  just  ex- 
pressed. It  is  this :  that  the  capsule  di- 
minishes very  suddenly  in  thickness  at  the 
line  of  attachment  of  the  suspensory  liga- 
ment, just  as  if  a  portion  of  its  substance 
passed  off  in  that  shape,  or,  in  other  words, 
as  if  the  suspensory  ligament,  on  becoming 
fixed  into  the  anterior  portion  of  the  capsule 
a  little  way  from  the  rim,  added  its  own 
substance  to  that  of  the  capsule,  so  as  to 
strengthen  all  that  lay  in  front  of  the  line  of 
its  attachment.  It  appears  that  the  greatest 
strength  is  needed  in  the  front  part  of  the 
capsule,  as  there  its  surface  is  free,  and  the 
aqueous  humour  can  scarcely  afford  it  so 
good  a  support  as  the  vitreous.  If  we  trace 
the  capsule  of  the  lens  backwards,  we  find  it 
still  getting  gradually  thinner  till  beyond 
the  rim  of  the  hinder  surface,  where  it  be- 
comes so  attenuated  as  in  many  cases  not  to 
exceed  one- quarter,  or  even  one-sixth  part 
of  the  thickness  of  the  anterior  portion. 

Thus  the  suspensory  ligament  of  the  lens 
commences  behind  at  the  ora  serrata,  where 
it  seems  to  be  continued  at  the  edge  of  the 
retina;  it  increases  in  substance  forwards, 
by  fibro-membranous  tissue  derived  from  the 
inner  surface  of  the  ciliary  body  of  the 
choroid,  and  it  finally  leaves  the  ciliary 
processes  near  their  summits  to  pass  to  the 
anterior  part  of  the  capsule  of  the  lens  a 
little  within  the  rim,  where  it  is  fixed.  Now, 
what  is  its  relation  to  the  vitreous  body,  or 
rather  to  the  hyaloid  membrane  which 
bounds  that  body  ? 

Relation  of  the  suspensory  ligament 
of  the  lens  to  the  hyaloid  membrane. — 
The  relation  appears  to  be  this — and  I 
state  it  with  diffidence,  because  the  parts  we 
are  now  upon  are  extremely  difficult  of  in- 
vestigation, and  have  been  the  source  of 
much  difference  of  opinion  among  anatomists 
of  the  greatest  acumen  and  industry.  The 
account  of  what  I  am  now  going  to  speak 
of,  as  well  as  of  the  structures  which  I  have 
already  treated,  is  based  upon  what  I  have 
myself  been  able  to  see  ;  and  where  I  have 
succeeded  in  obtaining  a  clear  view  of  the 
parts,  I  naturally  am  more  disposed  to  rely 
on  the  conclusions  I  have  myself  formed 
than  on  those  of  others.  I  think,  then,  that 
the  suspensory  ligament  of  the  lens  is  ad- 
herent to  the  hyaloid  only  opposite  to  the 
hinder  part  of  the  ciliary  body,  and  that 
near  the  lens  it  leaves  the  hyaloid  in  order 
to  pass  to  its  attachment  in  front  of  the  lens. 
The  hyaloid,  on  the  suspensory  ligament 
leaving  it,  passes  towards  the  posterior  sur- 
face of  the  lens,  and  comes  into  contact  with 
its  capsule  a  little  way  beyond  the  rim,  so 


that  the  rim  itself,  with  a  narrow  belt  of 
the  anterior  and  of  the  posterior  surface  is 
free,  and  a  cavity  is  left  all  round  the  lens, 
bounded  in  front  by  the  suspensory  ligament, 
and  behind  by  the  hyaloid  membrane.  This 
cavity  is  the  canal  of  Petit  (fig.  10,  h),  long 
since  discovered  by  the  illustrious  French 
anatomist,  but  about  the  formation  of  which 
various  views  continue  to  be  held.  In  the 
description  of  parts  so  delicate  it  is  perhaps 
hardly  to  be  expected  that  discrepancies 
should  not  exist.  In  some  specimens  I  have 
thought  that  the  hyaloid  grew  thicker  as  it 
formed  the  hinder  wall  of  this  canal,  and 
subsequently,  as  it  approached  the  lens,  be- 
came thinner,  and  finally  even  altogether 
vanished  from  view  as  the  observer  ap- 
proached the  central  region  of  the  back  of 
the  lens.  I  do  not  myself  believe  that  the 
hyaloid  passes  behind  the  entire  lens.  The 
substance  of  the  vitreous  seems  there  to  touch 
the  capsule. 

Of  the  canal  of  Petit  now  mentioned,  a 
good  view  may  be  obtained  in  the  fresh 
eye  of  one  of  the  larger  quadrupeds,  by 
making  an  aperture  in  the  suspensory  liga- 
ment, between  the  tips  of  the  ciliary  pro- 
cesses and  the  lens.  We  can  then  easily 
throw  into  the  canal  mercury,  air,  or  coloured 
size  ;  the  injected  material  runs  round  the 
edge  of  the  lens,  swelling  out  those  parts  of 
the  anterior  wall  which  dovetail  with  the 
ciliary  processes  of  the  choroid,  and  assum- 
ing a  somewhat  beaded  appearance.  The 
same  thing  may  be  effected  from  behind  by 
running  the  point  of  the  syringe  through 
the  vitreous  humour  and  hyaloid  into  the 
canal.  Either  mode  of  preparation  shows 
that  while  the  anterior  wall  of  the  canal  is 
attached  to  the  capsule  of  the  lens,  not  at  its 
border,  but  a  little  way  on  its  anterior  sur- 
face, so  the  posterior  wall,  which  separates 
it  from  the  proper  vitreous  humour,  goes  to 
be  fixed  all  round  a  little  way  on  the  pos- 
terior surface,  so  that  the  exact  rim  of  the 
lens  projects  into  the  canal;  forms,  in  fact, 
its  inner  wall,  and  is  free,  as  I  before  stated. 
I  say  free,  and  it  is  so  in  the  main,  but  I 
have  several  times  seen  isolated  elastic  fibres 
of  the  suspensory  ligament  passing  from  the 
ciliary  processes  to  the  very  margin  of  the 
lens,  and  there  implanted.  The  width  of 
the  canal  of  Petit  is  about  1-lOth,  or  1-I2th 
of  an  inch. 

I  find  that  I  shall  not  be  able  to  give  a 
full  description  of  the  crystalline  lens  in  the 
remaining  part  of  the  time  allotted  to  the 
present  lecture,  and  I  shall  therefore  defer 
that  subject,  and  now  merely  detain  you  for 
a  few  moments  with  some  remarks  on  one 
part  of  the  mechanism  which  the  eye  ap- 
pears to  contain  for  its  adjustment  to  dis- 
tinct vision  at  different  distances. 

You  are  aware  that  when  we  look  at  a 
distant  object,  the  intervening  ones  at  a  less 


80 


ADJUSTMENT  OF  THE  EYE  TO  DISTINCT  VISION. 


distance  appear  indistinct,  hut  that  when  by 
a  voluntary  effort  we  render  near  objects 
distinct,  distant  ones  become  confused.  If 
we  use  both  eyes,  the  distant  or  near  object 
which  is  indistinct,  is  at  the  same  time  double, 
but,  with  one  eye,  it  is  merely  confused.  In 
the  former  case  the  convergence  of  the  op- 
tic axes  can  only  be  towards  one  of  the  objects 
at  once,  and  the  image  of  the  other  conse- 
quently falls  on  non-corresponding  parts  of 
the  two  retina,  and  is  seen  double.  But  in 
the  latter  case  it  is  clear  that  the  confusion 
arises  simply  from  the  rays  from  one  of  the 
objects  not  coming  to  an  exact  focus  in  the 
retina,  while  those  from  the  other  object 
meet  exactly  there,  and  form  a  distinct  image, 
to  which  the  attention  is  at  the  same  time 
directed.  This  results  from  optical  laws; 
and  hence  the  necessity  of  a  power  in  the  eye 
to  adjust  its  dioptric  apparatus,  so  that  ob- 
jects at  various  distances  may  be  brought 
successively  into  distinct  view. 

To  enter  upon  a  discussion  of  the  several 
modes  in  which  it  has  been  supposed  that 
this  adjustment  is  or  might  be  effected ,  would 
be  now  impossible.  It  has  been  thought 
that  the  antero-posterior  axis  of  the  eye  is 
capable  of  elongation, — that  the  cornea,  or 
lens,  may  become  more  convex,  or  that  the 
lens  maybe  advanced  towards  the  cornea  by 
a  kind  of  erection  of  the  iris  or  ciliary  pro- 
cesses during  near  vision.  It  is  manifest  that 
numerous  purely  optical  considerations  must 
occur  in  the  examination  of  such  a  question, 
but  on  the  pi'esent  occasion  I  am  concerned 
rather  with  such  arguments  as  the  anatomical 
construction  of  the  eye  may  contribute  to- 
wards the  solution  of  the  difficulty  ;  and  I 
may  be  allowed  to  insist  on  the  extreme  and 
primary  importance  of  such  arguments  in  all 
similar  questions,  provided  they  are  grounded 
on  a  correct  appreciation  of  the  facts. 

We  have,  then,  it  appears,  within  the 
globe  of  the  eye,  a  structure  which  is  in  all 
probability  muscular,  and  which  is  un- 
deniably so  in  certain  animals.  It  has  the 
arrangement  of  a  muscle,  very  much  the 
structure  of  a  muscle,  and  is  largely  supplied 
with  nerves,  which  are  in  great  part  derived 
from  a  motor  source — the  third  pair.  This 
muscle  arises,  or  has  its  most  fixed  attach- 
ment, at  the  junction  of  the  sclerotica  and 
cornea,  as  much  in  front  of  the  lens  as  is 
possible  consistently  with  the  preservation  of 
the  transparency  of  the  cornea.  That  it  may 
act  more  freely,  a  canal,  the  circular  sinus, 
is  interposed  between  its  origin  and  the  por- 
tion of  the  sclerotica  which  it  lies  against. 
Beyond  this  point  it  is  hardly  at  all  attached 
to  the  sclerotica,  over  which  its  fibres  may 
be  supposed  to  move  in  contraction,  but  it 
covers,  and  is  inserted  into,  the  anterior  one- 
eighth  of  an  inch  of  the  choroid  membrane, 
which  is  in  tliis  part  tougher  and  firmer  than 
elsewhere,  and  united  in  a  very  special  man- 


ner to  the  lens  by  the  ciliary  processes, 
through  the  medium  of  a  firm,  tough  mem- 
brane,  and  of  a  strong  elastic  fibrous  mem- 
brane proceeding  from  it  to  the  margin  of  the 

lens.    And  yet  not  quite  to  the  margin,  

for  an  elegant  arrangement  exists,— the  canal 
of  Petit,— by  which  traction  is  made,  not  on 
the  vitreous  around  the  lens,  nor  on  the 
edge  of  the  lens  itself,  so  much  as  on  its  an- 
terior surface.  I  confess  it  seems  to  me  very 
difficult  to  doubt  that  this  complicated  sys- 
tem of  parts  is  intended  to  advance  the  lens 
towards  the  cornea,  so  as  to  bring  forwards, 
up  to  the  retina,  the  focus  of  a  near  object, 
which  would  otherwise  fall  behind  the  ner- 
vous sheet.  It  is  possible,  also,  I  think, 
from  the  peculiar  direction  taken  by  the 
ciliary  muscle,  that  it  may  compress  the  front 
of  the  vitreous,  and  thus  help  to  throw  for- 
wards the  lens. 

Lecture  IV. 
Op  the  Crystalline  Lens. — Position, 
shape,  size — Anterior  chamber  small  in 
infancy — Occasional  consequence  of  this. 
Capsule  of  the  Lens — Experiment  illus- 
trating its  endosmodic  power  and  its 
elasticity  —  Thickness  not  uniform  — 
Proneness  to  opacity  during  life — Cha- 
racters of  the  opacity.    Body  of  the 
Lens — Its  fibres  and  lamince — Nucleus — 
Central  planes  — their  use — their  com- 
plexity in  the  human  lens — Mode  of 
union  of  the  fibres — Use  of  the  toothed 
margins  —  Intracapsular  cells  —  The 
"  liquor  Morgagni"  a  result  of  disease  or 
post-mortem  change — The  "  capsule  of 
the  aqueous  humour"  does  not  exist — 
Remarks  on  some  appearances  of  cata- 
ractous  lenses. 
Gentlemen, — We  proceed  to-day  with  the 
consideration  of  the  structure  of  the  crys- 
talline lens  and  its  capsule — a  subject  not 
more  interesting  to  the  anatomist  than  to 
the  ophthalmic  surgeon,  on  account  of  the 
large  share  of  his  attention  which  that  im- 
portant and  common  disease,  the  cataract, 
must  always  engross. 

The  crystalline  lens,  you  will  remember, 
is  placed  at  the  front  of  the  vitreous  body 
behind  the  iris,  and  is  held  in  place  there 
chiefly  by  a  special  fibro-membranous  sus- 
pensory apparatus  passing  between  its  cap- 
sule and  the  ciliary  processes,  but  partly  by 
its  adhesion  to  that  portion  of  the  vitreous 
body  which  is  hollowed  out  to  receive  it. 

Size  and  shape. — The  lens  is  an  almost 
perfectly  transparent  structure,  about  one- 
third  of  an  inch  wide,  and  one-sixth  of 
an  inch  thick,  more  convex  behind  than 
in  front.  It  has  been  doubted  whether  the 
curves  of  the  lens  are  spherical  or  spheroidal 
— a  question  of  much  interest  with  reference 
to  the  corrections  of  an  optical  nature  of 
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which  the  eye  is  the  seat,  but  not  strictly 
bearing  on  the  object  before  us  in  these  lec- 
tures. The  most  accurate  admeasurements, 
however,  of  the  mammalian  lens,  which  are 
those  of  Chossat,  make  it  probable  that  the 
figure  of  the  human  lens  is  like  that  gene- 
rated by  an  ellipse  revolving  round  its  lesser 
axis,  the  curvature  being  greater  for  the 
lateral  than  for  the  central  parts. 

The  lens  in  early  life  is  soft  and  nearly 
spherical,  and  grows  larger  and  flatter  with 
age,  as  well  as  harder,  and  somewhat  amber- 
coloured.  These  circumstances  should  be 
remembered  with  reference  to  the  diseases 
of  the  part  at  the  several  periods  of  life. 
The  globular  shape  of  the  infant's  lens 
renders  the  aqueous  chamber  small,  and  the 
iris  almost  in  contact  with  the  cornea ; 
but  in  the  adult  the  iris  is  usually  not 
at  all  thrown  forwards  by  the  prominent 
centre  of  the  lens.  Nevertheless,  in  per- 
sons of  full  or  declining  age,  who  are 
the  common  subjects  of  hard  cataract,  the 
surgeon  is  accustomed  to  meet  with  very 
varying  dimensions  of  the  anterior  chamber. 
This,  however,  depends  rather  on  variation 
in  the  size  of  the  lens  than  in  its  shape,  and 
sometimes  a  prominent  iris  betokens  an  en- 
larged vitreous  body,  or  chronic  engorge- 
ment of  the  ciliary  body  of  the  choroid.  In 
consequence  of  the  prominence  of  the  lens 
in  infancy,  it  sometimes  acquires  a  minute 
opacity  in  the  very  centre  or  most  promi- 
nent point  of  its  anterior  surface,  from 
coming  in  contact  with  the  cornea,  where 
this  membrane  is  inflamed  in  cases  of  puru- 
lent ophthalmia.  There  is  often  a  corre- 
sponding speck  on  the  posterior  surface  of 
the  cornea,  precisely  opposite. 

Of  the  capsule  of  the  lens. — The  lens  is 
enclosed  in  a  capsule  of  perfectly  transpa- 
rent, homogeneous,  and  very  elastic  mem- 
brane— a  part  that  should  engage  the  special 
study  of  every  one  who  proposes  to  operate 
on  the  eye.  It  is  an  entire  unbroken  layer, 
separating  the  lens  from  all  that  surrounds 
it,  but  very  permeable  by  fluids,  and,  there- 
fore, the  medium  through  which  the  nutri- 
tion of  the  lens  is  carried  on.  Its  elasticity, 
which  is  one  of  its  most  remarkable  proper- 
ties, is  evinced  by  a  curious  experiment 
which  presented  itself  to  me  accidentally 
when  I  was  occupied  in  a  series  of  researches 
into  the  anatomy  of  these  parts.  When  re- 
moved from  the  eye,  and  placed  in  water, 
the  lens  imbibes  fluid  through  its  capsule, 
which  thereby  becomes  distended  and  sepa- 
rated from  the  contained  lens,  being  raised 
in  the  form  of  a  vesicle.  If  it  be  taken  from 
the  water,  and  punctured  with  a  needle,  the 
fluid  is  ejected  with  violence  by  the  resilience 
of  the  distended  capsule,  which  instantly 
resumes  its  former  bulk,  and  grasps  the 
lens  closely.  The  capsule  is  also  very 
brittle,  is  easily  torn  in  any  direction  when 
once  a  breach  is  made  in  it,  and  yet  very 


tough,  so  as  to  offer  considerable  resistance 
to  a  blunt  instrument  which  may  be  thrust 
against  it.  We  see  these  points  exemplified 
in  the  operations  for  cataract  and  artificial 
pupil.  In  the  former,  when  the  sharp- 
pointed  needle  touches  the  capsule  (provided 
the  membrane  be  sound),  it  enters  and  tears 
it  with  the  utmost  facility ;  while  in  the 
latter,  the  blunt  hook  often  used  to  engage 
and  draw  aside  the  pupillary  margin  of  the 
iris  seldom  does  any  injury  to  the  capsule, 
though  it  must  almost  always  touch  it,  and 
that  sometimes  somewhat  rudely,  in  spite  of 
the  operator's  caution.  When  ruptured, 
the  capsule  rolls  up  at  the  edges,  whatever 
the  direction  of  the  laceration,  and  it  is 
curious  that  the  outer  or  convex  surface 
always  lies  innermost  in  the  roll,  so  that, 
like  the  posterior  elastic  lamina  of  the 
cornea,  which  it  nearly  resembles  in  other 
respects,  it  appears  to  be  developed  or  laid 
down  in  a  curve  contrary  to  that  which  its 
elasticity  inclines  it  to  assume.  It  is  a  hard 
and  dense  structure,  and  determines  the 
exact  outline  of  the  lens. 

Thickness  of  the  capsule  not  uniform. — 
The  thickness  of  the  capsule  of  the  lens  is 
different  in  different  parts  ;  particularly  it  is 
thicker  in  front  than  behind.  This  I  al- 
luded to  in  the  last  lecture,  in  speaking  of 
the  suspensory  ligament  or  zonule ;  but  I 
shall  here  repeat  it,  because  of  its  impor- 
tance. The  anterior  part  of  the  capsule  in 
the  greater  portion  of  its  extent,  in  all  its 
central  region,  and  as  far  outwards  as  to 
within  one-sixteenth  of  an  inch  of  its  margin, 
where  the  suspensory  ligament  is  attached, 
is  four  or  five  times  thicker  than  the  pos- 
terior part.  The  diminution  in  thickness 
commences  rather  suddenly  at  the  attach- 
ment of  the  zonule,  and  continues  gradually 
as  you  proceed  over  the  border  to  the  pos- 
terior surface,  where  the  minimum  thickness 
is  soon  attained.  This  I  have  ascertained 
by  careful  examination.  I  need  hardly 
point  out  to  you  how  a  knowledge  of 
this  fact  may  help  us  to  understand  some 
of  the  morbid  processes  met  with  in  this 
part,  and,  by  indicating  with  precision  the 
direction  in  which  lies  the  chief  strength 
of  the  support  of  the  lens  in  its  position, 
may  aid  the  surgeon,  and  give  him  con- 
fidence in  certain  of  his  nice  and  delicate 
manipulations. 

The  capsule  retains  its  transparency 
after  death,  but  is  prone  to  lose  it  during 
life. — The  capsule  of  the  lens  retains  its 
transparency  under  the  action  of  acids,  of 
alcohol,  and  of  boiling  water,  and  will  resist 
the  putrefactive  process  for  a  great  length  of 
time  :  at  least,  I  have  frequently  found  it 
remain  transparent  after  the  lens  itself  had 
been  completely  destroyed  by  putrefaction, 
and  the  centre  of  the  lens  is  itself  very  slow 
to  putrefy.  But,  hov/ever  difficult  it  may 
be  to  render  it  opaque  after  removal,  it  is 
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rather  prone  to  become  so  in  the  living 
body.  An  injury,  such  as  laceration  or 
puncture,  is  there  almost  sure  to  be  followed 
sooner  or  later  by  a  loss  of  its  transparency, 
and  we  often  see  it  of  a  decided  dead  white. 
The  same  also  occurs  in  many  cases  where 
the  opacity  is  primarily  in  the  lens  itself. 
After  the  operation  for  cataract  by  the 
needle,  this  opaque  capsule  is  a  not  infre- 
quent source  of  annoyance  to  the  surgeon, 
obstructing  the  access  of  light  to  the  retina, 
and  demanding  removal. 

This  proneness  of  the  capsule  to  become 
opaque  only  while  it  continues  a  part  of  the 
living  body,  seems  to  shew  that,  hard  and 
structureless  as  it  appears,  it  is  yet  the  seat 
of  unceasing  nutritional  change —  that  its 
substance  is  in  continual  flux ;  for  we  can 
only  regard  the  opacity  as  a  result  of  de- 
praved nutrition,  the  new  material  being 
laid  down  in  an  abnormal  form.  In  some 
rare  examples,  one  of  which  presented  itself 
here  during  the  present  summer,  minute 
vessels  are  developed  upon  the  capsule,  pro- 
bably in  lymph  previously  deposited  there 
as  a  consequence  of  inflammation.  They 
are  continuous  with  those  of  the  ciliary 
processes  or  adherent  iris.  It  is  interesting 
to  observe  that  the  opacity  is  usually  denser 
when  it  takes  place  in  the  anterior  part  of 
the  capsule  than  when  in  the  posterior, 
because  of  the  greater  thickness  of  the 
former  portion.  But,  besides  this,  the 
anterior  seems  more  prone  to  become  opaque 
than  the  posterior.  When  opacity  occurs, 
the  capsule  usually  loses  its  brittleness,  and 
becomes  tough.  The  opacity  assumes  an 
irregular  figure,  in  flakes  or  patches,  if  the 
body  of  the  lens  remains,  and  may  thus 
be  distinguished  from  a  similar  change  in 
the  lenticular  substance  ;  but  the  opacity  is 
more  uniform  if  the  capsule  has  been  rent 
and  the  body  of  the  lens  absorbed.  The 
opaque  parts  may  even  become  so  completely 
altered  from  their  original  texture  as  to  be 
the  seat  of  earthy  deposits ;  but  this  is  rare. 

Of  the  structure  of  the  body  of  the  lens. 
—If  we  now  turn  our  attention  to  the  lens 
itself,  that  solid  transparent  mass  thus  en- 
closed and  protected,  we  find  it  to  be  soft 
and  pulpy  in  the  outer  portions,  more  firm, 
dense,  and  glutinous  towards  the  centre, 
which  is  distinguished  as  the  nucleus.  Not 
that  there  is  any  special  plane  of  division 
between  the  nucleus  of  the  lens  and  its 
exterior  or  superficial  portions  :  the  change 
to  more  and  more  density  is  very  gradual. 
No  language  derived  from  other  objects  can 
adequately  describe  the  precise  texture  of 
the  lens,  as  appreciated  by  the  finger, 
simply  because  it  is  not  a  homogeneous 
texture,  but  one  highly  complicated  and 
peculiar,  which  it  will  require  some  atten- 
tion to  understand. 

Fibres  of  the  lens. — The  lens  is  composed 
of  flattish  ribund-Iike  albuminous  fibres. 


having  an  average  thickness  of  ^^J^  of  an 
inch,  united  side  by  side,  so  as  to  form 
plates,  which  are  placed  one  within  the 
other,  somewhat  like  the  leaves  of  an  onion. 
The  fibres  all  pass  from  the  front  to  the 
back,  so  that  each  has  two  extremities,  an 
anterior  and  posterior;  and  a  middle  part, 
which  is  directed  towards  the  side  or  rim  of 
the  lens.  In  the  lens  of  simplest  construc- 
tion— the  spherical  or  spheroidal  lens  of 
many  fishes,  reptiles,  and  birds — the  ends  of 
the  fibres  all  meet  in  the  antero-posterior 
axis ;  and  the  surface  of  such  a  lens,  viewed 
either  before  or  behind,  has  the  appearance 
of  a  globe  marked  by  the  lines  of  longitude 
passing  from  pole  to  pole.  The  same  ap- 
pearance, too,  is  seen  after  removing  any 
number  of  the  layers  of  fibres  down  to  the 
centre.  The  individual  fibres  are  of  course 
narrower  at  the  extremities  and  broader  ia 
the  middle  ;  and  they  would  come  to  quite 
a  point  in  the  axis  were  it  not  that  their 
lateral  union  becomes  so  intimate  as  they 
approach  it,  that  the  eye  can  no  longer  dis- 
tinguish them  individually,  nor  the  skill  of 
the  anatomist  isolate  them.  Moreover,  it 
would  appear  that  those  coming  from  oppo- 
site sides  do  not  form  a  firm  junction  across 
the  axis,  but  rather  that  the  axis  is  occupied 
by  a  substance  of  less  density  than  the  fibres 
themselves ;  so  that,  imder  ordinary  cir- 
cumstances, the  lens  may  be  made  to  break 
up,  and  its  opposite  sides  to  faU  asunder 
along  that  line.  In  the  lenses  I  am  now  re- 
ferring to  it  is  not  uncommon  to  find  a  cup- 
shaped  depression — a  kind  of  crater  at  each 
pole ;  but  I  have  never  seen  this  so  large  as 
in  the  prolate-spheroidal  lens  of  the  cuttle- 
fish. 

Nucleus  of  the  lens. — It  is  further  to  be 
observed  that  the  individual  fibres  become 
narrower  and  denser,  as  well  as  more  inti- 
mately held  together,  as  they  approach  the 
centre  of  the  lens ;  and  it  is  obvious  that 
they  must  also  become  shorter  and  shorter. 
The  degree  in  which  their  density  augments, 
varies,  however,  very  widely:  in  the  bird,  for 
instance,  it  is  far  less  than  in  the  fish  ;  so 
that  the  lens  of  the  former  is  soft  and  pulpy, 
even  to  the  centre,  while  the  nucleus  of  the 
latter  is  often  of  almost  stony  hardness. 

What  I  have  now  said  as  to  the  shape  and 
texture  of  the  lenticular  fibres  applies  in 
general  to  the  eyes  of  most  animals.  These 
fibres  are  edways  narrowest  at  their  ends, 
shorter  and  denser  towards  the  centre  of  the 
lens.  The  mode,  however,  in  which  their 
extremities  are  arranged  at  the  poles,  ex- 
hibits many  very  curious  modifications,  as 
to  the  use  and  meaning  of  which  we  are  still 
very  much  in  the  dark,  but  which,  in  the 
meantime,  will  repay  a  few  moments'  atten- 
tion as  instances  of  elaborate  mechanism,  in 
which  may  be  concealed  some  clue  both  to 
the  nature  of  the  nutritive  changes  in  the 
organ,  and  possibly  to  the  better  compre- 
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hension  of  some  of  its  morbid  states,  and 
the  means  for  their  relief.  The  effect,  also, 
of  these  modifications  of  structure  on  the 
transmitted  light  should  not  be  lost  sight  of 
in  considering  their  design. 

Central  planes. — The  first  departure  from 
the  simple  arrangement  already  mentioned — 
in  which  all  the  fibres  diverge  from,  and 
terminate  in,  the  antero-posterior  axis  of  the 
lens — is  met  with  in  some  fishes  and  some 
mammalia,  of  which  the  porpoise  is  one. 
Looking  at  the  front  of  the  lens  we  see  a 
straight  line  passing  through  the  pole,  and 
reaching  about  one  quarter  or  one-third  of 
the  way  towards  the  margin  or  equator  on 
each  side.  From  this  line  the  fibres  diverge 
in  an  uniform  manner,  and  passing  over  the 
edge,  may  be  traced  converging  on  the  op- 
posite surface  to  a  line  of  similar  length 
passing  through  the  pole,  but  at  right  angles 
to  the  first, — so  that  if  the  one  is  vertical 
the  other  is  horizontal.  This  being  so,  a 
moment's  consideration  will  enable  you  to 
understand  that  none  of  the  fibres  reach  half 
round  the  lens — that,  for  instance,  one  which 
starts  from  the  anterior  pole  (or  the  centre 
of  the  anterior  line)  cannot  reach  the  poste- 
terior  pole,  but  terminates  at  the  extremity 
of  the  posterior  line  ;  while  one  which  starts 
from  the  end  of  the  anterior  line  is  neces- 
sarily brought  to  the  posterior  pole  ;  and  the 
intermediate  ones  in  a  similar  manner,  ac- 
cording to  their  position.  Now,  if  we  re- 
move the  more  superficial  strata  of  fibres, 
we  still  find  the  deeper-seated  fibres  diverg- 
ing from  similar  lines,  and  discover,  in  fact, 
that  the  lines  seen  on  the  surfaces  are  but 
the  edges  of  planes  which  penetrate  even  to 
the  central  region  of  the  lens, — these  planes 
being  productions  or  expansions  of  that  axis 
in  which,  in  the  spherical  variety  of  lens,  all 
the  fibres  meet. 

Object  of  the  central  ^j/anes. — These 
planes  are  widest  where  they  appear  on  the 
surface  of  the  lens,  and  are  gradually  nar- 
rower inwards  ;  and  those  of  opposite  sides 
meet,  although  at  right  angles,  somewhere 
in  the  antero-posterior  axis,  at  a  point  the 
position  of  which  (or  in  other  words,  the 
respective  depth  attained  by  the  planes,) 
is  determined  by  the  various  curvatures  of 
the  opposite  surfaces  of  the  lens.  But  as 
every  fibre  has  in  each  plane  a  point  answer- 
ing to  one  of  its  extremities,  it  follows  that 
the  area  of  the  two  planes  must  in  all  pro- 
bability be  equal,  and  therefore  that  where 
one  passes  from  the  pole  more  deeply  into 
the  lens,  the  other  must  extend  more  widely 
towards  the  margin. 

It  certainly  appears  to  me  that  the  expan- 
sion of  the  axis  into  the  planes  now  described, 
and  the  concomitant  complexity  of  the  ar- 
rangement of  the  fibrous  constituents  of  the 
lens,  are  designed  to  furnish  the  mechanical 
means  of  producing  a  different  curvature  on 
opposite  surfaces. 


If  we  pass  to  the  examination  of  other 
bases,  further  modifications  of  the  axial 
planes,  and  consequently  of  the  arrangement 
of  the  fibres,  are  met  with.  For  example, 
in  some  of  the  cetacea  I  have  found  the 
planes  to  bifurcate  irregularly,  and  to  a  vari- 
able extent,  towards  the  margin  of  the  lens 
— a  disposition  not,  I  believe,  before  ob- 
served ;  but  the  most  elegant  arrangement  is 
certainly  that  of  the  mammalia  in  general, 
in  which  three  equidistant  planes  diverge 
from  the  axis, — those  of  the  front  and  back 
holding  intermediate  positions,  precisely  as 
in  the  more  simple  case  already  described. 

Their  complexity  in  the  adult  human  lens. 
— But  of  all  the  specimens  that  have  come 
under  my  own  observation,  those  of  the  adult 
human  lens  have  presented  the  greatest 
multiplication  or  subdivision  of  these  planes; 
for  while  our  own  lens  adheres  to  the  ordi- 
nary mammalian  type  in  possessing  a  triple 
divergence  from  the  pole,  each  of  the  three 
planes  is  almost  immediately  branched,  if  I 
may  use  the  term,  and  this  not  once  only, 
but  twice  or  more, — so  that  instead  of  three 
segments  we  have  as  many  as  twelve  or 
sixteen,  the  numbers  being  irregular  no  less 
than  the  course,  direction,  and  extent  of 
each. — Fig.  II. 

Fig.  II. 


A.  Division  of  central  planes  as  seen  on  pos- 
terior surface  of  an  adult  human  lens. 

B.  Same  from  the  foetus  of  nine  months. 
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Fig.  1 1 ,  copied  with  accuracy  from  an  adult 
human  lens,  will  convey  a  better  idea  of  the 
arrangement  of  these  planes  than  mere  words 
can  express ;  and  if  you  will  endeavour  to 
picture  the  opposite  surface  as  if  seen  through 
this  one,  and  intersected  with  a  somewhat 
similar  radiation  of  planes,  placed  inter- 
mediately to  these  and  receiving  the  opposite 
ends  of  the  fibres,  you  will  understand  the 
extraordinary  intricacy  of  the  construction 
of  this  organ  in  our  own  eye. 

Their  simplicity  in  the  human  fcetus. — I 
may  mention  in  this  place  an  interesting  fact 
which  I  noticed  in  comparing  the  fibres  of 
the  foetal  and  adult  lens  in  the  human  sub- 
ject. It  is  this — that  as  development  pro- 
ceeds, and  the  lens  becomes  wider  and  flatter, 
the  central  planes  extend  themselves  further 
and  further  from  the  axis,  and  at  the  same 
time  branch  again  and  again,  so  as  to  multi- 
ply the  segments,  into  which  they  divide  the 
lens. — See  fig.  11. 

From  this  it  may  be  inferred  that  the 
multiplication  of  the  mesial  planes  outwards 
is  a  process  necessary  to  the  expansion  and 
flattening  of  the  organ,  and  takes  place  by 
the  deposition  of  new  fibres  on  the  surface 
of  the  old  ;  and  also,  that  even  in  the  adult 
lens  the  planes  remain  simply  tripartite  in 
the  nucleus,  being  only  multiplied  in  the 
more  superficial  layers. 

Having  thus  endeavoured  to  convey  to 
you  some  general  idea  of  the  arrangement  of 
the  lenticular  fibres,  we  will  consider  briefly 
the  mode  in  which  they  are  united  into  the 
forms  I  have  described,  and  organically 
attached  to  the  capsule, — for  it  would  be  a 
mistake  to  regard  them,  as  we  are  apt  to  do, 
simply  in  the  light  of  independent  parts 
placed  in  artificial  juxtaposition.  And  more 
especially  is  it  necessary  to  consider  the  lens 
as  a  whole,  if  we  would  form  a  correct  notion 
of  the  actions  which  contribute  to  the  main- 
tenance of  its  organic  life,  and  comprehend 
the  reason  of  the  alterations  of  texture  which 
it  exhibits  under  accident  or  disease. 

Mode  of  union  of  the  fibres. — As  the  ends 
of  the  fibres  approach  the  central  planes  in 
vyhich  they  terminate,  they  are  found  to  be 
more  or  less  fused  together  into  a  solid 
hyaline  mass,  which  retains  for  a  short  way 
only  a  trace  of  the  interval  between  the  con- 
tiguous fibres.  Sometimes  the  fibres  may 
be  torn  up  as  far  as  the  central  planes  ;  at 
others  they  break  off  short,  rather  than  split 
up,  as  they  approach  the  planes  :  and  this 
is  more  the  case  towards  the  nucleus.  Near 
the  planes,  therefore,  we  cannot  properly 
say  that  they  have  a  well-defined  border  or 
limit;  but  in  the  intermediate  portions  of 
their  extent  their  edges  are  found  to  be 
doubly  bevilled,  so  that  one  fibre  is 
adapted  by  each  of  its  edges  to  two  other 
fibres — one  a  little  above,  and  the  other  a 
little  below  it;  and  if  we  consider  these 
bevillings  as  separate  sides,  each  fibre  would 


be  six-sided.  But  we  further  remark  that 
the  bevilled  margins  are  more  or  less  jagged, 
and  that  the  projections  and  sinuosities  of 
the  opposed  fibres  mutually  interlock.  Thus 
each  fibre  is  intimately  united  by  its  toothed 
edges  to  four  others,  and  by  its  smooth 
flattened  surfaces  it  touches  two  others — one 
over  and  the  other  under  it.  The  lateral 
union  of  the  fibres  being  the  more  intimate, 
determines  the  division  of  the  lens  into 
layers  enclosed  one  within  another,  rather 
than  into  segments.  But  if  we  obtain  a  for- 
tunate view  of  the  fibres  in  situ  and  in  sec- 
tion, it  is  easy  to  perceive  that  the  lateral 
junctions  of  the  fibres  of  successive  layers 
lie  in  regular  order  one  below  another ;  and 
that  if  the  splitting  of  the  lens  could  be 
made  to  follow  these  joinings,  we  should 
reduce  the  organ  to  a  number  of  segments, 
the  thickness  of  which  would  correspond 
with  the  width  of  one  fibre. 

The  indented  margins  of  the  fibres  are 
much  more  obvious,  and  are  no  doubt  really 
much  more  developed,  in  some  classes  of 
animals  than  in  others.  It  was  in  the  eye 
of  the  cod  that  Sir  David  Brewster  first 
detected  them,  and  they  are  nowhere  more 
evident.  The  teeth  have  a  certain  average 
size ;  but,  like  those  of  the  cranial  sutures, 
they  are  irregular  in  shape,  and  have  been 
manifestly  formed  by  the  shooting  together 
of  contiguous  parts  during  growth.  In  the 
lens  of  the  bird,  and  in  that  of  mammalia 
and  man,  they  are  even  less  regular  in  size, 
and  far  less  defined  ;  and  it  is  often  difficult 
to  see  more  than  a  soft  woolly  margin.  The 
toothed  borders  are  usually  most  apparent 
when  the  albuminous  basis  of  the  fibres  has 
been  hardened  by  heat,  or  a  chemical  reagent. 

Use  of  the  toothed  margins  of  the  fibres. 
— What,  now,  is  the  use  of  the  serrations  of 
the  fibres  of  the  lens,  and  why  do  they  exist 
only  at  the  sides  ?  In  the  fish,  which  has 
the  fibres  very  flat,  and  consequently  with 
thin  edges,  and  a  small  surface  for  lateral 
contact,  the  teeth  are  large,  stiff",  and  well 
defined ;  whereas  in  the  higher  animals, 
where  the  fibres  are  thicker,  and  their  be- 
villed edges  present  a  broader  surface  of 
union  with  those  on  either  hand,  the  teeth 
are  softer  and  less  developed :  and  in  all 
cases  the  broad  surfaces  of  the  fibres  are  not 
toothed  at  all.  We  may  therefore  regard 
the  serrations  simply  as  an  artificial  mode  of 
increasing  the  points  of  union  between  the 
fibres,  according  as  their  shape  renders 
necessary.  If  the  fibres  had  been  sis-sided, 
and  the  sides  equal,  we  may  suppose,  either 
that  there  would  have  been  no  teeth  at  all, 
or,  if  any,  that  they  would  have  been  de- 
veloped to  an  equal  extent  on  all  the  sides. 
Thus  far,  perhaps,  it  is  legitimate  to  specu- 
late on  the  final  cause  of  this  remarkable 
and  elegant  structure. 

Intra- capsular  cells  of  the  /en*.— Imme- 
diately within  the  capsule,  separating  it  from 
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the  superficial  fibres,  is  a  layer  of  cells,  ex- 
tremely thin  and  transparent,  of  unequal  size, 
and  nucleated.  These  cells  form  an  organic 
union  between  the  body  of  the  lens  and  its 
capsule,  and  it  is  through  them  that  the  nu- 
trition of  the  fibrous  part  is  conducted.  It 
is  by  the  multiplication  and  successive  trans- 
formation of  these  cells  into  fibres  that  the 
body  of  the  lens  increases  in  size  ;  and  when 
its  growth  is  complete,  a  single  layer 
of  them  remains.  The  superficial  fibres, 
even  of  the  adult,  often  retain  some  of  the 
nuclei,  in  an  extremely  transparent  form,  at 
irregular  distances  in  their  substance. 

The  liquor  Morgagni  a  result  of  disease 
or  post-mortem  change. — When,  after  death, 
the  lens  is  placed  in  water,  or  allowed  to  lie 
in  contact  with  the  aqueous  humour,  the 
water  passes  through  the  capsule,  and  dis- 
tends and  bursts  these  cells,  collecting  be- 
tween the  lens  and  the  capsule,  and  raising 
the  capsule  as  I  mentioned  at  an  earlier 
period  of  the  lecture ;  but  no  fluid  exists 
during  life  between  the  capsule  and  fibres  of 
the  lens,  except  what  belongs  to  the  texture 
of  the  cells.  There  is,  then,  no  such  fluid 
as  the  liquor  Morgagni  in  the  healthy  lens. 
When  this  fluid  exists  in  the  cataractous 
lens,  between  the  body  and  the  capsule,  or 
when  it  is  found  there  after  death,  it  is  to  be 
regarded  as  a  morbid  or  false  condition,  in- 
dicative of  the  destruction  of  the  layer  of 
cells  which  has  been  just  described. 

The  "  capsule  of  the  aqueous  humour  " 
does  not  exist. — Some  authors  speak  of 
another  layer  of  cells  on  that  portion  of  the 
outer  surface  of  the  capsule  which  contri- 
butes to  form  the  posterior  chamber  of  the 
aqueous  humour  behind  the  iris,  and  they 
consider  it  to  resemble,  and  to  be  a  continua- 
tion of,  the  epithelium  lining  the  back  of 
the  cornea,  and  which  I  have  termed  the 
epithelium  of  the  aqueous  humour.  Such  a 
layer  has  been  imagined  necessary  for  the 
completion  of  that  serous  sac  which  has  been 
very  generally  supposed  to  enclose  the  aque- 
ous humour,  and  which  has  passed  under 
the  name  of  the  aqueous  capsule,  or  capsule 
of  the  aqueous  humour.  Now,  with  regard 
to  its  existence  on  the  front  of  the  lens,  I 
can  only  say  that  I  have  sought  for  it  with 
great  care,  but  in  vain ;  and  I  therefore  do 
not  believe  that  it  exists.  Taking  the  per- 
fectly fresh  eye  of  a  large  animal,  I  have  re- 
moved the  cornea  by  a  circular  cut  with 
scissors,  without  allowing  the  cornea  to 
touch  or  rub  against  the  lens.  I  have  then, 
with  equal  caution,  cut  away  the  iris,  so  as 
fully  to  expose  the  front  of  the  lens  ;  I  have 
then  most  carefully  made  a  circular  incision 
in  the  front  of  the  capsule,  near  its  rim,  and 
have  placed  the  portion  so  detached  on  glass, 
flat  or  variously  folded,  and  always  without 
being  able  to  distinguish  any  trace  of  such 


cells.  Now,  with  far  less  nicety,  it  is  most 
easy  to  see  the  posterior  epithelium  of  the 
cornea,  and  the  intra-capsular  cells  of  the 
lens ;  and  the  evidence,  therefore,  seems  to 
me  sufficient  for  disbelieving  in  the  existence 
of  the  layer  now  spoken  of :  particularly  as 
I  am  not  aware  that  any  author  who  has 
described  it  has  stated  that  he  has  actually 
seen  it. 

I  shall  now  say  a  few  words  on  some 
varieties  of  cataract,  the  appearances  of 
which  (capable  of  being  discriminated  during 
life)  derive  illustration  from  ...what  I  have 
now  explained  of  the  structure  and  arrange- 
ment of  the  lenticular  fibres. 

Remarks  on  some  appearances  of  cata- 
ractous lenses. — The  congenital  opacity  of 
the  lens,  so  frequent  in  children,  affects  the 
entire  substance.  We  may  sometimes  ob- 
serve upon  its  front  surface  the  simple  trili- 
near  division  into  segments  which,  in  the 
human  subject,  is  peculiar  to  early  life. 

In  the  commencing  cataract  of  middle  or 
declining  age,  we  not  uncommonly  find  the 
posterior  surface  of  the  lens  first  afi'ected,  so 
that  we  look  through  the  transparent  lens 
upon  an  obviously  concave  opacity.  This 
opacity  sometimes,  and  indeed  generally, 
encroaches  from  the  margin  in  distinct 
streaks  of  irregular  thickness,  length,  num- 
ber, and  distance  apart ;  and  we  usually 
find  that,  when  the  pupil  is  widely  dilated 
by  belladonna,  some  at  least  of  these  streaks 
are  traceable  round  the  margin  for  some 
way  over  the  anterior  surface.  So  long  as 
small  portions  of  the  hinder  surface  of  the 
lens  remain  clear,  the  body  and  front  being 
also  clear,  it  is  surprising  how  much  visual 
power  may  remain.  At  a  subsequent  period, 
the  centre  of  the  lens  begins  to  be  cloudy, 
and  then  the  progress  towards  blindness  is 
more  rapid.  Now  I  can  entertain  no  doubt 
that  the  streaks  in  these  cases  are  sets  or 
bundles  of  the  superficial  layer  of  lenticular 
fibres,  reduced  to  a  state  of  opacity  by  some 
nutritional  change.  There  seems  to  be  a 
disposition  in  the  fibres  of  the  lens  to  become 
opaque  in  their  entire  length  when  once  they 
are  morbidly  altered  at  a  single  point,  and 
hence  the  linear  figure  ol  the  opacity.  The 
opacity,  probably,  commences  in  the  middle 
part  of  the  fibres,  near  the  margin  of  the 
lens ;  and  the  arrangement  of  the  fibres 
would  account  for  the  different  length  of  the 
streaks,  some  approaching  nearer  than  others 
to  the  central  point  on  the  surface. 

In  another  variety  of  opacity  in  adults, 
loosely  allied  to  the  last,  there  are  streaks 
visible,  either  on  the  anterior  or  posterior 
surface,  before  the  nucleus  manifests  any 
tendency  towards  dulness,  but  instead  of 
converging  from  the  border  of  the  lens,  they 
rather  diverge  from  the  central  point.  These 
streaks  are  also  irregular  in  number  and  di- 
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rection  ;  and  it  has  never  occurred  to  tne  to 
distinguish  in  them  .any  exact  representation 
of  the  edges  of  the  mesial  planes  us  they  are 
seen  on  the  surface  of  the  prepared  lens : 
never,  certainly,  any  triliriear  figure.  But 
a  glance  at  the  representation  above 
given  of  the  complex  arrangement  of  the 
mesial  planes  in  the  adult  human  lens,  will 
suffice  to  explain  why  they  are  rarely  seen  in 
such  opacities.  In  the  natural  lens  they  are 
in  reality  too  near  together,  and  too  irregu- 
lar, to  be  detected  without  a  glass.  The 
triple  divergence  from  the  axis  can,  even 
then,  only  be  recognised  for  a  short  distance, 
beyond  v?hich  the  planes  seem  to  diverge 
and  branch  without  any  attempt  at  geome- 
trical precision.  We  cannot,  therefore, 
wonder  that  an  opacity,  spreading  from  the 
centre  of  the  surface  of  the  lens,  and  which 
consists  of  broad,  ill-shapen  streaks,  should 
fail  to  disclose  the  delicate  and  complex  ra- 
diation of  the  mesial  planes  :  although  it 
seems  highly  probable  that  its  seat  is,  pri- 
marily and  essentially,  rather  in  the  edges 
of  both  planes,  than  in  the  fibres  them- 
selves.* 

In  the  lenticular  cataract  of  adults,  the 
glistening,  silky,  fibrillation  of  the  lens  may 
be  often  seen  ;  but  you  will  fail,  even  in  the 
best-marked  of  these  cases,  to  discover,  with 
the  naked  eye,  any  thing  like  regularity  in 
the  mode  in  which  the  fibres  pass  off  from 
the  central  region.  Before  becoming  ac- 
quainted with  the  complex  arrangement  of  the 
planes  in  the  human  lens,  I  could  not  satisfy 
myself  why  the  triple  line  of  the  mammalian 
lens  should  be  unseen  ;  but  the  actual  com- 
plexity is  a  sufficient  reason.  It  explains, 
too,  the  appearances  of  many  cases  of  opa- 


*  Since  tliis  lecture  was  delivered,  1  have  seen 
two  cases  (one  under  the  care  of  Mr.  DLxon)  in 
which  the  opacity  radiated  from  the  centre  in 
clearly-defined  branching  lines,  corresponding 
exactly  in  character  witli  the  branchingfs  of  the 
central  planes.   The  opacity  was  confined  to  the 

Fig.  12. 


Cataractous  lens,  in  which  the  opacity  follows 
some  of  the  divisions  of  the  central  planes  of 
the  lens,  and  some  of  the  fibres  at  the  circum- 
ference.  The  pupils  dilated  by  atropine. 

surface  of  the  lens,  and  did  not  dip  in  the  direc- 
tion of  the  planes  ;  neither  diil  it  occupy  all  the 
divisions  of  the  central  planes.  It  was  accom- 
panied, in  both  cases,  with  other  stieaks  of  opa- 
city at  the  border  of  the  lens,  evidently  in  some 
of  the  fibres. 


city  of  the  body  of  the  lens,  where  the 
fibrous  texture  is  in  general  obvious  enough, 
but  where,  towards  the  centre,  an  amor- 
phous, indefinable,  obscurity  exists. 


Lecture  IV. —  Concluded. 

Of  the  aqueous  chambers — cyst  of  the  iris — 
aqueous  fluid — its  source — removal  of 
blood  effused,  if  coagulated  or  not— if 
chambers  are  occupied  by  serum.  Of 
the  retina — vascular  and  non-vascular 
coats.  Common  elements.  1.  Gray 
fibres  and  their  evolution  from  the  optic 
nerve.  2.  Gray  vesicular  matter.  3. 
Caudate  nucleated  vesicles.  4.  Agglo- 
merated granules,  divided  into  granular 
and  nummular  layers,  with  intervening 
pale  stratum.  Peculiar  elements.  5. 
Rods.  6.  Bulbs,  in  man  and  animals — 
of  the  yellow  spot — modification  of  the 
layers  of  the  yellow  spot — colour  where 
situated. 

Having  concluded  what  I  had  to  say  on 
the  structure  and  arrangement  of  all  the 
parts  which  bound  and  form  the  aqueous 
chambers  of  the  eye,  we  may  proceed  to 
consider  very  briefly  the  shape  and  contents 
of  these  chambers  themselves. 

Of  the  aqueous  chambers. — The  cham- 
bers are  that  cavity  in  the  eye  occupied  by 
the  aqueous  humour,  and  lying  between  the 
cornea  in  front  and  the  lens  with  a  portion  of 
its  suspensory  ligament  behind,  and  they 
are  divided  from  each  other  by  the  iris,  but 
communicate  through  the  pupil.  The 
cornea  bulging  forwards  away  from  the 
iris,  and  the  lens  bulging  forwards  towards 
it,  or  even  up  to  it,  cause  respectively  the 
large  and  small  size  of  the  anterior  and 
posterior  chambers ;  but,  besides  this,  the 
circumference  of  the  anterior  chamber  is 
much  wider  than  that  of  the  posterior,  by 
reason  of  the  much  nearer  approach  of  the 
cihary  processes  than  of  the  pillars  of  the  iris, 
towards  the  axis  of  the  humours. 

To  speak  more  jjarticularly  of  the  limits 
of  the  two  chambers,  the  anterior  h  bounded 
in  front  by  the  posterior  epithelium  of  the 
cornea  coating  the  posterior  elastic  lamina 
of  that  structure.  At  the  border  it  is  limited 
by  the  passage  of  a  part  of  this  lamina  to 
the  front  of  the  iris,  the  epithelium  being 
very  imperfectly,  or  not  at  all,  continued 
over  that  part.  Behind,  it  has  the  anterior 
surface  of  the  iris,  which  I  believe  is  not  in- 
vested with  any  definite  epithelial  structure 
distinguishable  from  its  own  peculiar  fibrous 
and  nucleated  tissue,  but  is,  as  it  were,  bare 
and  exposed  to  the  contact  of  the  aqueous 
fluid, — so  that  in  cases  where  we  are  able  to 
perceive  the  delicate  fibrous  cordage  of  the 


CYST  OF  THE  IRIS.     AQUEOUS  HUMOUR — ITS  SOURCE. 


37 


iris,  as  if  elegantly  dissected  in  the  natural 
and  living  eye,  this  cordage  is  not  seen 
through  a  film  of  epithelium  ;  and,  in  those 
instances,  especially  of  the  darkly- tinted  eye, 
where  the  interior  arrangement  of  the  iridial 
fibres  is  unseen,  it  is  simply  concealed  from 
view  by  the  quantity  of  pigmentary  particles 
accumulated  both  in  its  interior  and  on  its 
surface,  not  more  on  the  latter  than  in  the 
former,  and  not  on  the  latter  in  the  nature 
of  an  epithelial  lamina. 

In  the  foetal  eye,  previous  to  the  seventh 
month,  and  imperfectly  at  a  later  period,  the 
membrana  jBW/)27/a>-is  passes  across  the  pupil, 
and  closes  the  anterior  chamber,  then  very 
small.  It  passes  from  a  circle  on  the  front 
of  the  iris,  a  short  way  from  the  true  pupil, 
where  the  knotted  appearance  of  the  fibres  is 
so  often  visible  in  the  adult  eye,  and  where 
it  sometimes  leaves  faint  traces  of  its  exis- 
tence throughout  life,  in  the  form  of  minute 
threads  or  spurs  standing  off  from  the  ori- 
ginal line  of  attachment  into  the  aqueous 
humour. 

The  posterior  chamber  is  bounded  in 
front  by  the  surface  of  the  iris,  on  which  is 
a  layer  of  epithelium,  loaded  with  dark- 
brown  pigment,  and  easily  separable  from 
the  proper  tissue  of  the  iris.  If  we  place  a 
fresh  human  eye  in  water  after  having 
divided  it  through  the  middle,  it  is  not  un- 
common to  find  this  layer  of  pigmented 
epithelium  rise  in  the  form  of  a  small  blister 
from  the  surface  of  the  iris,  in  consequence 
of  the  imbibition  of  the  water  in  which  it  is 
placed  ;  and  sometimes  after  death  the  same 
thing  occurs,  from  the  imbibition  of  the 
aqueous  humour  itself,  just  as  the  aqueous 
humour  is  generally  absorbed  into  the  capsule 
of  the  lens,  and  distends  it  under  the  like 
circumstances. 

Cyst  of  the  iris. — I  may  here  mention  a 
very  remarkable  and  interesting,  but  rare  dis- 
ease of  the  iris,  which  appears  to  me  to  consist 
in  the  morbid  formation  of  transparent  fluid 
between  the  iris  and  this  posterior  layer  of 
epithelium  (the  uvea,  as  I  omitted  to  say;  it  is 
called).  This  disease  is  not  accompanied  by 
any  other,  is  of  slow  progress,  and  appears  first 
as  a  bulge  of  a  portion  of  the  iris  towards 
the  cornea.  I  imagine  that  the  first  forma- 
tion of  the  fluid  is  attended  with  a  swelling 
of  the  uvea  backwards  towards  the  suspen- 
sory ligament  and  lens ;  but,  as  the  contact 
of  these  resisting  parts  must  very  speedily 
arrest  any  further  advance  in  that  direction, 
the  accumulating  fluid  next  bc^gins  to  pnsji 
forward  the  proper  tissue  of  the  iris,  which 
separates  it  from  the  anterior  chamber. 
Here  it  meets  with  less  resistance.  The 
highly  extensile  fibres  of  the  iris  slowly 
yield,  until  in  the  course  of  mouths  they 
bulge  to  a  large  extent  before  the  fluid,  and 
come  into  contact  with  the  cornea,  and  tliat 
sometimes  so  widely  as  to  throw  the  pupil 


towards  the  opposite  side,  and  even  to  put  it 
out  of  sight,  by  becoming  rolled  in  front  of 
it.  A  case  of  the  disease  is  given  by  Dr. 
Mackenzie  (Case  263,  Practical  Treatise  on 
Diseases  of  the  Eye).  If  the  cyst  be  punc- 
tured in  front,  the  transparent  contents  are 
ejaculated  with  force  by  the  undiminished 
contractility  of  the  distended  iris,  and  in  the 
course  of  a  few  minutes  there  remains  no 
trace  of  the  pre-existing  disease,  the  iris  hav- 
ing in  all  respects  resumed  its  natural  as- 
pect. The  cavity,  however,  is  apt  to  refill 
more  than  once.  In  Dr.  Mackenzie's  case, 
it  was  punctured  a  second  and  third  time,  at 
intervals  of  six  or  eight  weeks,  and  afterwards 
never  returned,  vision  being  perfectly  re- 
stored. It  is  evident  in  this  disease,  that 
the  muscular  tissue  of  the  iris  is  expanded 
over  the  fluid,  and,  therefore,  the  characters 
of  the  disease  give  no  support  to  the  opinion 
that  the  iris  is  invested  in  front  with  a  serous 
membrane  (aqueous  capsule).  If  the  wall 
of  the  vesicle  were  simply  a  serous  mem- 
brane, it  would  not  so  immediately  contract 
on  being  punctured  ;  and  besides,  during  the 
process  of  contraction  the  membrane  can  be 
seen  gradually  assuming  the  well-known 
fibrous  aspect  of  the  iris.  It  is  also  evident 
that  the  uvea  (which  is  always  dark)  is  not 
protruded  with  the  muscular  tissue,  but 
separated  and  thrown  posteriorly ;  for,  if  it 
were  in  front  of  the  fluid  of  the  vesicle,  its 
pigment  would  be  obvious  enough  in  the  at- 
tenuated tissue,  whereas  it  is  not  visible 
there. 

But,  to  return  from  this  digression  :  the 
uvea  thus  bounding  the  posterior  chamber  in 
front,  does  not  line  the  iris  or  the  posterior 
chamber  after  the  manner  of  a  serous  mem- 
brane, reflected  from  one  part  of  the 
chamber  wall  to  another,  but  appears  to  be 
a  continuation  of  the  epithelium  of  the 
choroid,  as  it  may  be  traced  to  the  iris  from 
the  ciliary  processes.  In  the  adult  it  has  not 
usually  so  regular  a  form  as  where  it  lines 
the  choroid,  but  in  the  foetus  it  consists 
of  spindle-shaped  cells,  with  central  trans- 
parent nuclei,  and  with  dark  pigment  filling 
up  all  their  other  part. 

Between  the  tips  of  the  ciliary  processes 
and  the  lens,  the  suspensory  ligament  of  the 
lens,  forming  the  anterior  wall  of  the  canal 
of  Petit,  bounds  the  posterior  chamber,  and 
then  the  front  of  the  capsule  of  the  lens. 
Neither  of  these  structures  is  covered  by  any 
epithelium,  both  being  in  immediate  con- 
tact with  the  aqueous  fluid. 

Aqueous  humour :  its  source. — The  aque- 
ous humour  itself  is  little  more  than  water, 
less  than  one- fiftieth  of  its  weight  being  solid 
matters  (chiefly  chloride  of  sodium).  Thus, 
it  is  very  diff'erent  from  the  serum  of  blood, 
and  may  be  strictly  regarded  as  a  secretion, 
depending  for  its  integrity  on  a  healthy  state 
of  the  parts  which  furnish  it.    What  these 
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parts  are,  it  is  difKcult  to  define  with  accu- 
racy, although  doubtless  they  are  a  portion  of 
the  walls  of  the  chambers  in  which  the  fluid 
lies.  It  seems  to  me  to  be  certain  that  por- 
tions of  both  anterior  aud  posterior  chamber 
secrete  this  fluid,  not  merely  because  it  is 
found  in  both  before  the  removal  of  the 
membrana  pupillaris,  hut  also  from  the  fact, 
which  we  see  in  practice,  that  after  the  com- 
plete closure  of  the  pupil  by  adhesive  deposit, 
both  anterior  and  posterior  i:hamber  may  re- 
tain their  aqueous  fluid.  When  the  pupillary 
margin  has  become  adherent  to  the  lens,  we 
very  frequently  find  the  contents  of  the  ante- 
rior chamber  recovering  their  natural  con- 
dition. But  it  may  not  be  so  generally 
kribwn,  that  in  some  cases  of  slow  enlarge- 
ment of  the  globe,  and  distension  of  the 
anterior  portion  of  the  sclerotica,  consequent 
on  perforating  ulcer  of  the  cornea,  and  obli- 
teration of  the  anterior  chamber  by  adhe- 
sion of  the  iris  to  the  corneal  cicatrix,  the 
aqueous  humours  secreted  into  the  posterior 
chaii'ber  in  too  great  abundance,  but  in  a 
natural  state  as  regards  its  quality,  is  the 
occasion  of  the  enlargement.  It  appears 
probable  from  their  structure,  that  the  poste- 
rior surface  of  the  cornea,  and  both  surfaces 
of  the  iris,  with  the  tips  of  the  ciliary  pro- 
cesses, are  all  concerned  in  the  formation  of 
the  aqueous  humour,  and  that  the  suspensory 
ligament  of  the  lens,  and  the  anterior  cap- 
sule, do  not  share  in  this  function. 

Blood  effused  into  the  chambers. — It 
is  a  wonderful  thing  to  see  blood  which 
has  been  poured  into  the  aqueous  chambers 
by  some  accidental  blow  upon  the  eye,  dis- 
appear in  the  course  of  a  few  days  by  solu- 
tion in  the  aqueous  fluid  and  absorption.  If 
the  organ  escapes  active  or  disorganizing 
inflammation,  a  week  or  ten  days  are  often 
sufficient  for  the  removal  of  blood  which  has 
nearly  filled  the  chambers :  but  something 
even  then  will  depend  on  circumstances.  If 
the  blood  has  coagulated  into  a  firm  clot,  its 
absorption  is  retarded.  I  had  recently  a 
case  in  which  a  young  man  had  an  injury  to 
the  eye  late  in  the  evening,  but  soon  after 
went  to  bed  and  slept  soundly.  When  I 
saw  him  next  morning,  I  observed  that  he 
had  been  sleeping  on  his  right  side,  for  the 
blood  had  formed  a  clot,  occupying  about 
the  right  two-thirds  of  the  chamber,  and 
bounded  by  a  very  sharp  but  somewhat 
concave  or  cupped  edge,  placed  vertically. 
It  was  remarkable  that  the  iris  (at  least  the  un- 
covered portion  of  it)  remained  freely  move- 
able. When  the  pupil  was  contracted  by  a 
strong  light,  he  was  blind  with  this  eye,  but 
the  eclipse  of  the  pupil  became  only  partial 
when  he  turned  with  his  back  to  the  window, 
so  as  to  dilate  it  in  concert  with  the  opposite 
one,  and  he  could  then  see.  This  clot  was 
absorbed  in  about  u  fortnight.  On  the 
other  hand,  when  the   blood   is  diffused 


through  the  aqueous  humour,  by  frequent 
change  of  posture,  during  the  period  when 
it  might  coagulate,  it  does  not  form  a  solid 
clot,  and  is  more  speedily  absorbed,  some- 
times, if  in  small  quantity,  in  three  days. 

I  imagine  that  the  blood  in  such  cases 
mixes  with,  and  its  red  particles  swell,  and 
give  up  their  colouring  matter  to,  the  aqueous 
humour  as  they  would  to  water,  and  that 
this  is  the  occasion  of  their  very  rapid  dig- 
appearance  ;  for  a  most  remarkable  difference 
is  noticeable  between  the  result  in  these  in- 
stances,  as  compared  with  those  in  which 
blood  escapes  into  the  chambers,  when  they 
are  already  occupied  by  yellow  serum,  the 
consequence  of  pre-existing  disease.  For 
here  the  blood  may  remain  for  many  months 
almost  entirely  unchanged,  either  in  colour 
or  quantity,  just  as  it  might  do  in  a  bottle  of 
serum,  excluded  from  the  action  of  the  air. 
The  serum  does  not  dissolve  the  red  parti- 
cles nor  the  coagulated  fibrin,  how  then 
could  we  expect  these  to  be  absorbed 
Nevertheless,  a  very  slow  change  does  go  on  ; 
some  slight  differences  are  constantly  taking 
place  between  the  variable  serum  of  the 
blood  and  that  occupying  the  chamber, 
owing  to  which  a  very  gradual  interchange  is 
wrought  between  them,  and  the  clot  becomes 
paler.  I  have  watched  a  small  clot  during 
six  months,  under  these  circumstances,  ere 
it  lost  its  shape  or  characteristic  hue.  Time 
does  not  allow  me  to  allude  to  the  changes 
in  the  aqueous  chambers  occasioned  by  in- 
flammation, many  of  which  are  of  the  most 
interesting  character,  and  most  instructive 
to  the  student  of  pathology. 

I  propose  now  to  pass  from  the  review  of 
those  parts  of  the  eye  which  lie  within  the 
range  of  the  operations  usually  performed  on 
the  globe,  and  to  devote  the  rest  of  this  lec- 
ture to  a  brief  sketch  of  the  structure  of  the 
retina,  for  I  should  be  unwilling  to  conclude 
the  present  short  course  without  some  ac- 
count, however  imperfect,  of  that  portioQ 
of  the  eye,  which,  in  a  physiological  sense, 
is  the  most  essential  of  all,  and  which  will 
be  found  to  be  as  wonderful  and  elaborate  in 
structure  as  it  is  important  in  function. 

Of  the  retina. — The  retina  is  that  peri- 
pheral nervous  sheet  on  which  the  images  of 
external  objects  are  received.  It  is  con- 
tinuous with  the  optic  nerve,  and  is  ex- 
panded within  the  globe  between  the  choroid 
and  vitreous  humour,  as  far  forwards  as  the 
ora  serrata,  the  situation  of  which  has  been 
already  pointed  out.  Its  surfaces  may  be 
styled  choroidal  or  outer,  and  hyaloid  or 
inner.  It  has  the  pinkish  gray  colour  of  the 
surface  of  the  cerebral  convolutions, — is  very 
soft  and  easily  torn, — and  is  arranged  iu 
certain  layers,  the  inner  of  which  contain  the 
bloodvessels  that  impart  the  pink  tint  to  the 
whole,  while  the  outer  are  non-vascular. 
All  the  superposed  layers  of  the  retina  are 
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thicker  at  the  bottom  of  the  eye,  around  the 
entrance  of  the  optic  nerve,  than  in  front 
near  the  ora  serrata,  and  the  entire  nervous 
sheet  becomes  gradually  thinner  forwards, 
until  it  ends  abruptly  at  the  line  indicated, 
being  there  continuous  with  that  granular 
tissue  which  lines  the  ciliary  processes  of  the 
choroid,  and  gives  origin  to  the  fibrous  part 
of  the  suspensory  ligament  of  the  lens. 

Constituents  of  the  retina. — Now,  the 
retina  contains  in  itself  all  the  structural 
elements  which  are  to  be  found  in  other 
parts  of  the  system,  except  nerve- tubules, 
which  are  not  present  in  the  human  retina, 
nor  in  the  retina  of  the  higher  animals,  but 
only  in  the  optic  nerve  ;  and  it  moreover 
contains,  besides  these,  other  structural  ele- 
ments not  elsewhere  met  with,  but  peculiar 
to  this  part,  and  which  we  are  therefore  led 
to  suspect  may  be  in  some  way  or  other  sub- 
servient to  the  proper  action  of  the  retina 
as  a  recipient  of  the  vibratory  impressions 
of  light. 

The  elements  common  to  the  retina  with 
other  portions  of  the  nervous  system  are 
placed  internally,  or  towards  the  hyaloid 
surface.  These  are:— I.  Gray  fibres,  ra- 
diating on  all  sides  fyom  the  entrance  of  the 
optic  nerve,  towards  the  anterior  border  of 
the  retina,  and  being  a  continuation  of  the 
nerve-tubules  of  the  optic  nerve.  They  are 
gradually  less  abundant  forwards,  termi- 
nating in  succession  among  the  nest  men- 
tioned elements.  2.  Gray  nervous  matter, 
similar  to  the  cineritious  part  of  the  cere- 
bral  convolutions  (being  an  amorphous 
finely  granular  matrix,  containing  nucleated 
nerve- vesicles).  3.  Caudate  nucleated  glo- 
bules, analogous  to  those  found  in  the  ganglia, 
spinal  cord,  and  certain  parts  of  the  brain. 
4.  Agglomerated  granules,  usually  highly 
refractive,  with  very  little  intervening  mate- 
rial, and  allied  to  the  nuclei  of  cells,  such  as 
are  met  with  in  some  portions  of  the  ence- 
phalon.  Capillary  bloodvessels  are  distri- 
buted among  all  but  the  last  of  these. 

The  elements  peculiar  to  the  retina  are 
situated  externally,  and  together  form  the 
coat  commonly  known  as  Jacob's  membrane. 
They  are  of  two  kinds — 5.  Columnar  parti- 
cles, or  rods,  arranged  vertically  in  a  single 
series ;  and  6.  Bulbous  particles,  inter- 
spersed at  regular  intervals  among  the  for- 
mer.  Both  of  these  are  found  among  the 
lower  animals  in  many  most  remarkable  mo- 
difications, some  few  of  which  I  shall  pre- 
sently mention,  on  account  of  their  singu- 
larity, and  to  shew  that  they  probably  play 
an  important  part  in  the  physiology  of  vision, 
though  into  the  nature  of  their  function  we 
have  as  yet  no  particular  insight.  These 
elements,  like  the  agglomerated  granules, 
have  no  bloodvessels  proper  to  them. 

Of  the  gray  fibres  of  the  retina. — We 
may  now  pass  these  several  elementsmoredis- 


tinctly  in  review,  and  first,  of  the  gray  fibres. 
If  we  make  a  section  of  the  coats  of  the  eye- 
ball through  the  part  at  which  the  optic 
nerve  traverses  them  to  join  the  retina,  we 
see  that  this  nerve  becomes  reduced  in  bulk 
as  it  is  passing  through  the  sclerotica,  so  that 
a  transverse  section  of  it,  where  it  ap- 
proaches the  sclerotica,  has  nearly  double 
the  area  of  its  intra-sclerotic  termination,  and 
the  sclerotic  canal  is  a  truncated  cone.  We 
also  observe  that  whereas  the  nerve  behind, 
and  for  a  little  way  within,  the  sclerotic 
canal,  is  opaque  white,  the  tubules  having 
their  proper  investment  of  white  substance, 
it  becomes  gray  and  semi-transparent  ere  it 
touches  the  retina,  and  the  retina  itself  has 
never  any  white  glistening  aspect  such  as  the 
nerves  have.  In  different  animals,  indeed, 
even  among  the  mammalia,  you  will  find 
great  variety  as  to  the  precise  point  at  which 
the  nerve  loses  its  whiteness,  this  point 
being  sometimes  only  at  the  very  junction 
of  the  nerve  with  the  nervous  expansion 
within ;  and  in  certain  cases  (of  which  the 
rabbit  is  the  best  example)  the  nerve  ad- 
vances a  certain  way  within  the  choroid,  and 
spreads  out  on  the  surface  of  the  retina  before 
it  loses  its  whiteness,  so  that  the  retina  in 
these  animals  appears  to  present  a  white  area 
of  an  oval  shape,  and  an  eighth  of  an  inch 
long,  at  the  sclerotic  aperture,  and  in  some 
animals  yet  lower  in  the  scale,  nerve-tubes, 
with  a  very  delicate  layer  of  white  substance, 
can  be  traced  even  further,  and  more  uni- 
formly distributed  over  the  retina.  But 
still  it  remains  true,  as  I  believe,  for  all,  and 
certainly  for  man,  that  nerve-tubules,  such 
as  form  the  optic  nerve,  do  not  exist  as  a 
part  of  the  retina,  and  where  they  enter 
within  the  sclerotica  they  are  to  be  regarded 
as  still  the  optic  nerve  in  its  course  to  the 
retina. 

Now,  what  is  the  nature  of  the  change  in 
the  constituents  of  the  optic  nerve  by  which 
they  lose  their  whiteness  as  they  penetrate 
the  sclerotica  They  certainly  do  not  ter- 
minate in  the  sclerotic  canal ;  they  cease  to 
be  characterized  by  their  dark  outline,  and 
by  their  tendency  to  fall  into  the  varicose  or 
beaded  state,  but  remain  fibrous  :  in  a  word, 
they  lose  their  white  substance,  but  retain 
their  axis  or  central  fibre,  and  these  fibrous 
parts  coming  together,  advance  and  form  the 
gray  fibres  of  the  retina.  I  have  made  many 
very  thin  sections  through  the  nerve  and 
retina  in  connection  ;  and  you  will  find,  if 
you  do  the  same,  that  these  fibres,  on  enter- 
ing  the  globe  and  encountering  the  hyaloid, 
pour  themselves  as  it  were  oa  all  sides  in 
bundles  over  the  hyaloid  surface  of  the  re- 
tina, and  become  coated  at  once,  on  their 
opposite  or  choroidal  surface,  with  the 
elementary  structures  which  I  have  enu- 
merated as  forming  the  other  strata  of  the 
retina. 
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Fig.  13. 


Fig.  13. — Section  of  the  coats  of  the  human 
eye  at  the  entrance  of  the  optic  nerve,  to 
shew  the  mode  of  origin  of  the  layers  of 
the  retina.  s,  Sclerotica ;  c,  choroid  ; 
n,  plexiform  bundles  of  optic  nerve ; 
0,  line  at  vrhich  these  lose  their  white 
substance ;  ff,  grey  fibres  advancing  to 
the  retina,  and  becoming  clothed  on  their 
choroidal  surface  with  other  layers,  con- 
stituting r,  the  retina. 

It  follows,  of  course,  that  in  the  space 
occupied  by  the  evolution  of  these  grey 
fibres  from  the  optic  nerve,  i.  e.  for  the 
area  of  the  inner  orifice  of  the  optic  foramen 
or  sclerotic  canal,  these  strata  of  the  retina 
do  not  exist — that  the  retina,  in  fact,  does 
not  exist ;  therefore  it  is  no  wonder  that  this 
spot  should  be  blind — insusceptible  of  sti- 
mulation by  light.  The  blindness  of  the 
spot  (proved  by  a  well-known  experiment), 
in  connection  with  the  anatomical  fact 
which  I  now  j)oint  out,  shows  how  essential  to 
the  visual  power  of  the  retina  are  its  non- 
fibrous  parts,  so  that  we  might  almost  say 
that  the  visual  impression  is  received  by  the 
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non-fibrous  parts,  and  merely  proi)agated 
by  the  fibrous  :  that  the  true  retina  is  not 
an  expansion  of  the  optic  nerve,  but  a 
nervous  organ  of  independent  structure, 
brought  into  co-operation  with  the  brain 
through  the  nerve.  But  to  proceed  with 
the  anatomy  of  the  grey  fibrous  stratum. 

In  some  animals  (I  allude  particularly  to 
some  fishes)  their  radiation  over  the  whole 
retina  may  be  very  easily  made  evident  to 
any  one  by  a  shght  maceration,  for  the 
retina  shaken  in  water  becomes  divested  of 
all  but  these  fibres,  and  they  seem  to  form 
a  brush  directly  continuous  with  the  nerve. 

But  in  the  higher  animals  it  is  usually 
more  difficult  to  demonstrate  such  a  dis- 
position ;  both  because  this  layer  is  much 
less  readily  detached  from  the  rest,  and  be- 
cause its  fibres  are  disposed  in  bundles 
which,  after  anastomosing  together  for  some 
way,  become  blended  with  each  other  into  a 
uniform  lamina,  and  are  lost  among  the 
grey  nervous  matter  (2).  In  the  fresh 
human  retina  they  may  be  seen  by  looking 
directly  on  the  inner  surface,  near  the  optic 
nerve,  with  a  power  of  50  diam. 


Fig.  14. — Anastomosing  grey  fibres  of 
human  retina,  seen  on  their  hyaloid  sur- 
face, near  the  optic  nerve  :  magnified. 

The  bundles  there  are  large,  but  of  different 
sizes,  and  anastomose  so  as  to  form  very 
elongated  meshes,  in  which  large  nucleated, 
vesicles  soon  begin  to  appear.  The  bundles 
of  the  plexus  are  not  cylindrical,  but  much 
compressed  on  their  contiguous  sides,  so 
that,  on  a  vertical  section,  they  appear  oval ; 
otherwise  this  plexiform  arrangement  is  a 
mere  continuation  of  that  of  the  bundles  of 
tubules  in  the  optic  nerve,  now  forming  a 
sheet  instead  of  a  cylindrical  cord. 


Of  the  central  artery  and  vein. — While 
speaking  of  the  manner  of  evolution  of  the 
optic  nerve  at  its  coalition  with  the  retina, 
it  may  be  mentioned  that  the  blood-vessels 
of  the  retina  enter  and  leave  it  along  the 
centre  of  the  optic  nerve,  by  two  fibrous 
canals  there  provided,  among  the  fibrous 
meshes  in  which  the  plexiform  nerve  bundles 
lie.  Arrived  within  the  sclerotica,  they 
subdivide  and  ramify  upon  the  retina,  the 
large  branches  which  they  form  being,  for 
a  short  w^ay,  interposed  between  the  hyaloid 
and  the  grey  fibres,  bat  very  speedily  sinking 
in  among  these,  and  breaking  up,  by  succes- 
sive divisions,  into  the  capillai'ies  which 
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supply  and  occupy  the  substance  of  those 
layers  to  which  1  have  already  described 
them  to  belong. 

2.  Of  the  grey  vesicular  malter  of  the 
retina. — This  lies  contiguous  to  the  hyaloid 
surface,  in  close  relation  with  the  last  men- 
tioned layer.  It  is  the  most  vascular  coat 
of  the  retina,  and,  in  fact,  receives  the 
greater  portion  of  the  blood  brought  by  the 
retinal  artery.  The  capillaries  form  a  very 
beautiful  plexus,  with  meshes  about  as  close 
as  those  of  the  grey  matter  of  the  cerebral 
convolutions,  though  arranged  nearly  on  one 
plane.  The  walls  of  the  capillaries  are  a 
simple  membrane,  with  nuclei  at  intervals. 
It  is  easy,  at  a  suitable  period  after  death, 
to  wash  out  the  nervous  matter  from  their 
intervals,  and  to  obtain  a  separate  view  of 
the  whole  vascular  system  of  the  retina ;  and 
in  a  perfectly  recent  specimen,  also,  the 
capillaries  can  be  discerned  among  the  matter 
of  the  layer  now  under  consideration,  often 
with  the  red  corpuscles  still  within  them. 
The  finely  granular  matter  of  this  layer  is 
readily  seen  with  a  sufficient  magnifying 
power,  and  also  the  nuclei  which  it  contains  ; 
but  it  is  not  so  easy  to  discern  the  delicate 
nucleated  vesicle,  which  it  so  abundantly 
contains ;  for,  like  those  of  the  grey  matter 
of  the  cerebral  convolutions,  they  are  very 
rapidly  destroyed  or  altered  by  pressure  or 
water.  On  some  occasions  they  can  be 
most  distinctly  seen,  especially  in  one  part 
to  which  I  shall  have  to  refer  presently  :  and 
it  is  almost  always  possible  enough  to  dis- 
cover their  clear  globular  vesicular  nuclei,  in 
a  detached  state,  floating  about  the  fragment 
examined. 

3.  Of  the  caudate  nucleated  vesicles. — 
It  is  most  interestfng  to  meet  with  these 
very  singular  forms  of  nervous  tissue  in  the 
retina,  though  we  at  present  know  little  of 
their  use.  We  have,  now,  ample  proof  of 
their  being  centres  from  which,  in  many 
parts  at  least,  nerve-tubules  pass,  the  slender 
processes  of  the  vesicles  becoming  continuous 
with  the  axes  of  the  tubules,  and  requiring, 
at  a  certain  distance  from  their  origin,  a 
coating  of  white  substance. 

I  am  not  aware  that  any  one  else  has  yet 
discovered  this  kind  of  vesicle  in  the  retina. 
In  man,  and  the  higher  animals,  it  is  by  no 
means  easily  distinguished,  for  the  examples 
of  it  are  small,  and  hard  to  detach  from  the 
substance  of  the  last  layer,  with  which  they 
are  in  connection,  and  so  similar  in  texture 
to  that  substance  as  not  to  be  visible  in  it 
without  separation.  Nor  have  they  here 
any  pigment,  as  in  so  many  other  parts  of 
the  nervous  system.  That  they  do  exist, 
however,  is  certain  ;  for,  on  diffsrent  occa- 
sions, I  have  seen  many  unequivocal  exam- 
ples of  them,  and  especially  in  two  or  three 
specimens  of  diseased  retina,  in  which  the 
texture  was  somewhat  broken  down  by  a 


morbid  process.  Among  the  mammalia  I 
have  seen  them  in  the  human  subject  and  in 
the  horse  :  but  I  have  never  witnessed  so 
satisfactory  a  demonstration  of  them  in  situ 
as  in  the  retina  of  the  turtle,  where  they  lie 
at  or  near  the  hyaloid  surface,  dispersed  at 
pretty  equal  distances,  and  with  long  and 
branching  arms,  which  spread  abroad,  in- 
differently, in  all  directions,  so  widely  as  to 
approach  each  other  near  enough  to  anasto- 
mose together,  though  I  have  never  seen 
them  actually  coalesce. 

In  making  a  vertical  section  of  the  retina 
in  the  higher  animals,  we  very  generally 
find  an  ill-defined,  dark,  but  broken  line, 
running  parallel  with  the  surface,  in  the 
substance  of  the  vascular  portion  ;  and  it 
has  often  occurred  to  me  that  this  may  be 
an  indication  of  the  position  of  a  layer  of 
these  caudate  vesicles  intervening  between 
the  fibrous  and  the  gray  vesicular  matter 
(1  and  2),  but  this  explanation  of  the  ap- 
pearance requires  confirmation. 

It  would  not  be  difficult  to  hazard  con- 
jectures as  to  the  connections  of  these  cau- 
date vesicles  with  the  fibrous  elements,  and 
as  to  some  special  purpose  they  may  serve 
in  the  economy  of  the  retina ;  such,  for 
example,  as  that  of  bringing  into  functional 
relation  the  several  parts  which  their  caudse 
may  connect,  &c.,  but  such  conjectures  can 
at  present  lead  to  nothing.  When  we  come 
to  know  the  general  history  of  the  caudate 
corpuscles  in  the  several  organs,  and  in  the 
animal  scale,  we  shall  probably  obtain  some 
clearer  insight  into  the  meaning  of  their 
existence  in  the  retina. 

4.  Of  the  agglomerated  granules. — Lying 
externally  to  those  already  described,  the 
agglomerated  granules  form  a  very  consi- 
derable proportion  of  the  entire  thickness  of 
the  retina,  viz.  about  one-fourth  or  one- 
third.  They  lie  in  two  layers  (n  and  g), 
between  which  intervenes  a  thin  layer,  p,  of 
which  I  am  able  to  give  you  no  definite  ac- 
count, except  that  it  is  more  transparent,  ex- 
hibits no  globules,  nor  any  distinct  texture, 
though  sometimes  looking  finely  fibrous, 
and  that  it  apparently  contains  no  blood- 
vessels. The  inner  of  the  two  layers  (w)  is 
always  much  thinner  than  the  outer,  and 
often  consists  of  but  two  or  three  series  of 
granules,  which  are  also  different  in  figure 
from  the  others,  being  flattened,  with  their 
surfaces  more  or  less  corresponding  to 
those  of  the  retina,  and  often  looking  much 
like  pieces  of  money  seen  edgeways.  From 
this  fanciful  resemblance,  and  for  distinc- 
tion sake,  I  have  sometimes  termed  this 
the  nummular  layer.  The  outer  layer  {g), 
or  granular  layer,  is  much  thicker :  its 
constituent  granules  are  globular,  closely 
packed,  with  little  sign  of  any  surrounding 
cells,  though  a  matrix,  or  inter-granular 
substance,  can  be  seen  on  a  broken  edge. 
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The  grannies  rohere  intimately,  and  when 
placed  in  water  generally  refract  the  light  in 
II  decided  manner,  quite  different  from  tliat 
of  the  other  elements  of  the  retina.  They 
have  no  blood-vessels. 

Fig.  15. 


Fig.  15. — "Vertical  section  of  human  retina 
(previQusly  dried  when  quite  fresh)  half 
an  inch  from  the  ora  serrata.  r,  Rods 
detached  at  the  line  c  from  the  choroidal 
epithelium  ;  b,  bulbs  ;  ff,  outer  layer  of 
granules ;  p,  intermediate  more  trans- 
parent layer,  obscurely  fibrous  ;  n,  inner 
layer  of  flattened  granules  (nummular)  ; 
ffr,  grey  nervous  layer,  fibrous  and  vesi- 
cular, and  containing  capillary  vessel  ; 
/i,  hyaloid ;  m,  deep  or  inner  surface  of 
Jacob's  membrane,  shewing  rods  and 
bulbs.  The  appearances  in  this  specimen 
were  beautifully  distinct,  as  represented. 
(320  diam.) 

Of  ihe  peculiar  elements  of  the  retina. — 
These  constitute  that  extremely  delicate  film 
on  the  exterior  of  the  retina,  first  distin- 
guished by  Dr.  Jacob,  and  since  commonly 
called  by  his  name.  This  film  is  in  contact 
with  the  choroidal  epithelium,  and  has  a  very 
slight  organic  connection  with  it,  which  I 
shall  presently  explain.  Sometimes  this 
epithelium  is  partially  drawn  off  the  choroid 
with  the  retina  in  consequence  of  this  adhe- 
sion ;  at  other  times,  Jacob's  membrane 
separates  with  the  choroid.  It  can  easily 
be  washed  away  from  the  rest  of  the  retina, 
its  adhesion  to  the  layer  of  agglomerated 
granules  being  but  slight.  Jacob's  mem- 
brane was  at  one  time  generally  regarded  as 
a  serous  membrane,  though  not  by  its  dis- 
coverer himself.  By  some  it  has  been 
supposed  to  belong  rather  to  the  choroidal 


epithelium  than  to  the  retina  ;  while  Han- 
nover styles  it  t/ie  retina  properly  so  called. 

Much  disagreement  exists  with  reference 
to  the  jirecise  structure  of  this  singular 
part,  which  is  attributable  in  some  measure 
to  the  great  proneness  its  elements  have  to 
change  after  death,  either  with  or  without 
contact  with  water  or  various  fluids.  On 
this  account,  it  should  be  examined  as  fresh 
as  possible,  and  with  every  precaution.  The 
changes  it  undergoes  are,  however,  very 
well  worth  studying  in  themselves,  since 
they  exhibit  the  peculiar  properties  of  its 
elements,  as  tests  do  those  of  a  chemical 
compound,  and  these  properties  may,  I 
think,  elucidate  some  morbid  actions  now 
most  obscure.  The  elements  may  be  distin- 
guished as  rods  and  bulbs. 

Of  the  rods. — These  are  placed  perpendi- 
cularly between  t\e  granular  layer  and  the 
choroidal  epithelium,  are  in  close  contact 
with  each  other,  except  where  the  bulbs 
intervene,  and  their  length  determines  the 
thickness  of  the  layer.  They  are  transpa- 
rent and  solid,  and  either  cylinders  or  six- 
sided  prisms :  at  the  inner  end  they  are 
attached  to  the  granular  layer,  and  when 
detached  from  it  terminate  by  a  square 
extremity;  at  the  opposite  end,  they  run 
off  into  a  slight  cone  or  pyramidal  process, 
which  is  received  into  a  corresponding  re- 
cess in  the  contiguous  particle  of  the  cho- 
roidal epithelium,  each  particle  of  this  pig- 
mentary epithelium  thus  imbedding  the 
pointed  extremities  of  many  of  the  rods. 
The  shaft  of  the  rod  is  very  apt,  a  short 
time  after  death,  to  become  separated  by  a 
sharp  transverse  line,  from  the  pointed 
process  or  leg.  and  the  leg  will  then  gather 
itself  into  a  ball  and  disintegrate,  while  the 
shaft  will  bend  into  a  hook  at  the  outer  end, 
or  roll  into  a  globule,  or  split  up  into  trans- 
verse plates,  or  be  reduced  to  a  shapeless 
granular  mass.  These  changes  are  assisted 
by  immersion  in  water. 

These  points  in  the  anatomy  of  the  rods 
could,  with  difficulty,  have  been  made  out 
in  the  human  retina,  without  the  indications 
of  structure  provided  in  the  corresponding 
parts  of  the  lower  vertebrata,  where  they  are 
developed  to  a  much  greater  size.  Hanno- 
ver has  given  a  very  admirable  description 
of  them  in  the  vertebrate  class,  in  all  the 
great  divisions  of  which  they  are  constantly 
present ;  being  very  large  in  some  fishes, 
especially  the  pike,  and  in  batrachian  rep- 
tiles. 

From  a  careful  examination  of  a  perfectly- 
recent  human  eye,  I  ascertained  that  the 
rods  were  longest,  and  consequently  Jacob's 
membrane*  thickest,  at  the  hinder  part  of 
the  globe,  and  that  anteriorly,  close  to  the 
ora  serrata,  they  gradually  shortened  by 
more  than  a  half,  still  retaining  their  general 
characteristics. 
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Of  the  bulbs. — These,  in  the  human 
retina,  are  very  much  less  numerous  than  the 
rods,  among  which  they  are  scattered  at  even 
distances.  On  looking  at  the  outer  surface  of 
Jacob's  membrane  with  a  suflScient  power, 
(fig.  15,  m,)  we  see  an  infinite  number  of 
minute  globules  (the  ends  of  the  rods),  and 
among  these,  but  at  a  deeper  level,  i.  e.  not 
coming  quite  up  to  the  outer  surface,  soli- 
tary larger  transparent  rounded  objects, 
which  are  the  bulbs.  When  fortunate 
enough  to  obtain  a  view  of  the  whole  layer 
in  section,  cut  or  torn  across,  we  see  the 
bulbs  sessile  upon  the  layer  of  agglomerated 
granules,  and  distributed,  at  their  proper 
intervals,  among  the  rods,  where  these  rest 
upon  the  granules.  They  appear  to  be 
globular  or  egg-shaped,  and  sometimes  to 
have  a  small  blunt  spur  upon  them,  turned 
towards  the  choroid.  When  looking  down 
upon  the  choroidal  surface  of  the  retina,  the 
bulbs,  when  best  seen,  have  a  small  clear 
circle  within  their  proper  outline,  and  this 
seems  referable  to  tliis  projecting  part. 

Some  light  is  thrown  upon  the  nature  of 
these  bulbs  by  what  seems  to  be  a  very 
large  development  of  them  in  fishes,  and 
here  they  present  themselves  in  a  very  re- 
markable form,  and  with  no  less  remarkable 
properties,  as  Hannover  has  well  pourtrayed.* 
They  are  divisible  into  a  body  and  legs,  of 
about  equal  length ;  the  body  directed  in- 
wards— the  legs  outwards;  the  body  im- 
planted vertically  among  the  rods — the  legs 
tapering  in  the  opposite  direction,  and  im- 
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Fig.  16. — a,  Bulbs  and  rods  of  Jacob's 
membrane  in  the  frog,  looking  on  the 
outer  surface,  the  choroidal  epithelium 
being  removed.  The  rods  are  thrown 
down  in  various  directions,  so  as  to  expose 
the  bulbs  among  them  at  their  base.  The 
bulbs  have  a  spur  and  pellucid  globules. 
l),  A  similar  view,  but  where  the  rods  are 
upright,  and  not  displaced ;  their  base, 
with  the  bulbs,  being  brought  into  focus. 
The  outer  ends  of  the  rods  are  out  of 
focus,  and  appear  dark  shades  in  the 
centres,    c.  Same  in  vertical  section. 

*  Rechcrchcs  microscopiques  sur  le  systfcme 
nerveux,  1844,  pi.  iv.  i 


bedded  among  the  pyramidal  processes  of 
the  rods,  and,  in  a  similar  manner,  within 
sheaths  furnished  by  the  fibrous  prolonga- 
tions of  the  particles  of  the  choroidal  epi- 
thelium. The  body  is  thicker  than  the  legs, 
and  has  an  oval  or  a  circular  section.  It  is 
also  partially  subdivided  into  two  lobes  :  it 
has  a  distinct  membranous  covering,  en- 
closing a  colourless,  transparent,  highly  re- 
fracting material,  which  soon  changes  after 
death.  The  legs  are  also  double,  one  de- 
scending from  each  lobe  and  tapering  to  a 
point ;  and  where  they  join  the  body  is  a 
transverse  line  of  division,  at  which  they 
readily  break  off.  When  placed  in  water, 
the  body  swells  and  shortens,  assuming  the 
form  of  a  somewhat  flattened  balloon,  which 
retains  the  bilobate  form,  and  sometimes 
looks  not  unlike  a  coffee  berry.  The  in- 
vesting membrane  readily  gives  way ;  the 
clear  contents  become  coarsely  granular, 
and  ma.y  break  up  into  irregular  masses,  or 
disintegrate.  By  the  same  medium  there  is 
occasioned  first  a  transparent  line  of  divi- 
sion between  the  body  and  legs,  and  the  legs 
curl  up  at  the  end,  or  split  into  many  trans- 
verse pieces,  having  a  high  refracting  power. 

Hannover  supposes  that  these  bodies 
(which  he  terms  cones  jiimeaux)  do  not 
exist  in  reptiles  (except  chelonian).  I  have, 
however,  met  with  objects  which  appear 
very  similar  to  the  bulbs  of  the  human 
retina  in  the  frog.  Examining  it  quite 
fresh,  under  albumen,  we  find  the  appear- 
ances represented  in  Fig.  16.    The  bulbs 
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seem  nearly  as  numerous  as  the  rods,  among 
which  they  lie  :  they  rest  upon  their  proper 
base,  are  globular,  with  a  projecting  pro- 
cess, ascending  towards  the  choroidal  epi- 
thelium, and,  near  the  root  of  this  process 
or  leg,  contain  a  minute  colourless  oil- 
globule. 

This  leads  me  to  a  very  interesting  point 
in  the  structure  of  both  rods  and  bulbs  in 
many  animals,  viz.  the  occurrence,  in  their 
outer  or  choroidal  ends,  of  globules  resem- 
bling  oil,  either  colourless  or  possessing 
most  brilliant  tints  of  yellow  or  crimson. 
In  the  chelonian  reptiles,  and  in  birds,  thesg 
are  the  most  beautiful.    1  shall  shew  you 


44     THE  YELLOW  SPOT  OF  THE  RETINA  MODIFICATION  OF  THE  LAYERS. 


after  lecture,  the  outer  aspect  of  a  portion 
of  the  retina  of  the  tortoise,  in  which  you 
will  perceive  a  most  elegant  array  of  pule, 
of  yellow,  and  crimson  globules,  scattered 
with  regularity  over  the  surface,  the  first 
being  the  smallest,  and  the  last  the  largest, 
but  all  enclosed  within  the  substance  of  the 
particles  now  described.  It  is  not  satisfac- 
torily made  out  what  is  the  precise  relation 
of  these  globules  to  the  rods  and  bulbs  re- 
spectively, partly  because  the  distinction 
between  these  elements  in  these  animals  is 
not  fully  determined;  but  Hannover  con- 
siders the  crimson  globules  to  belong  to  the 
bulbs  or  cones,  and  all  to  be  properly  not 
globular,  but  of  the  nature  of  sheaths  to  the 
particles  where  inserted  into  the  choroidal 
epithelium. 

In  birds  we  have  even  a  more  beautiful 
pattern  of  colours.  In  the  sturgeon,  among 
fishes,  I  have  found  the  globules  large,  but 
colourless.  In  mammalia  they  are  either 
very  small,  or  wanting. 

Of  the  yelloiu  spot  of  the  retina,  or  spot 
of  Soemmerring. — If  we  cut  across  a  fresh 
human  eye,  so  as  to  look  at  the  hvaloid  sur- 
face of  the  retina,  or  if  we  carefully  remove 
the  sclerotic  and  choroid  coats,  so  as  to  ex- 
pose to  view  its  choroidal  aspect,  we  are 
struck  with  the  rich  yellow  colour  of  one 
small  spot  about  one-twelfth  of  an  inch  in 
diameter,  situated  at  the  very  bottom  of  the 
eye,  in  the  exact  axis  of  the  humours,  i,  e. 
at  about  one-tenth  of  an  inch  from  the 
optic  nerve.    It  exists  in  some  monkeys, 
and,  according  to  Dr.  Knox,  in  certain  rep- 
tiles, but  in  general  it  is  wanting  among  the 
lower  animals,  while  it  is  quite  constant  in  , 
man.    The  colour  shades  gradually  off,  and 
is  deepest  when  seen  from  the  inside.  Very 
commonly  the  retina  exhibits  at  this  spot  a 
small  fold  or  wrinkle,  often  two  or  three 
folds  meeting  in  the  centre,  but  sometimes 
none ;  and  I  have  myself  found  that  the 
more  recent  the  eye,  and  the  more  careful 
the  manipulations  employed,  the  less  ten- 
dency there  has  been  to  the  appearance  of 
the  fold ;  while  in  the  instances  in  which  it 
has  been  present,  it  has  been  always  possible 
to  obliterate  it  by  delicate  traction  in  the 
requisite  direction.    I  am  therefore  disposed 
to  regard  this  fold  as  a  false  appearance. 
All  who  are  accu.-tomed  to  dissect  this  organ 
are  aware  with  how  much  facility  any  part 
of  the  retina  is  thrown  into  folds  by  slif;ht 
violence  done  to  the  vitreous  humour  in  ex- 
posing the  inside  of  the  eye,  owing  princi- 
pally to  the  extremely  feeble  union  existing 
between  the  retina  and  the  choroidal  epithe- 
lium.   We  have   already  seen,  too,  how 
readily  the  elements  of  Jacob's  membrane 
absorb  water.    Now  it  appears  to  me  that 
the  texture  of  the  retina  at  the  yellow  spot 
allows  of  a  freer  post-mortem  transmission 
of  the  water  of  the  vitreous  humour  through 


to  Jacob's  membrane  than  at  other  parts ; 
and,  consequently,  that  this  part  of  the 
retina  is  earlier  loosened  from  the  choroid, 
and  rendered  liable  to  be  thrown  into  acci- 
dental folds,  than  the  rest ;  and  in  this  way 
I  account  for  the  plicae  at  the  yellow  spot, 
which  some  anatomists  have  regarded  as  a 
natural  condition. 

On  removing  the  sclerotica  and  choroid 
with  care  from  the  back  of  an  eye,  so  as  to 
expose  the  outside  of  the  retina,  the  yellow 
spot  seems  more  transparent  than  the  rest 
of  the  nervous  sheet ;  no  fold  appears,  but 
in  its  centre  a  minute  dot,  which  seems  like 
a  circular  hole,  through  which  we  can  look 
into  the  vitreous  humour.    I  have  on  some 
occasions  seen  this  hole  so  distinctly,  and 
with  so  definite  a  margin,  that  it  seems  im- 
possible to  deny  its  reality ;  but  whether  it 
occupies  the  whole  thickness  of  the  retina, 
being  a  deficiency  in  all  the  layers,  I  am 
unable  positively  to  say.    I  have  in  one 
instance  deemed  it  wanting  in  Jacob's  mem- 
brane, which  wore  the  appearance  of  passing 
uninterruptedly  over  it ;  but  the  difficulty  of 
bringing  the  part  under   examination  by 
sufficiently  high  powers,  without  mutilation 
or  disturbance,  and  without  swelling  of  the 
parts  from  imbibition,  is  such,  that  I  would 
not  speak  too  confidently  on  this  point. 
The  adhesion  of  the  hyaloid  to  the  retina  is 
more  intimate  than  that  of  the  choroid  to 
the  same  part ;  and,  therefore,  it  is  even 
more  difficult  to  examine  the  hyaloid  surface 
of  the  yellow  spot  with  high  magnifying 
powers,  without  disturbance  of  it,  than  the 
choroidal  ;  for  if  the  vitreous  be  detached 
from  over  the  yellow  spot,  some  derangement 
of  it  is  sure  to  occur :  and  to  cut  through 
the  vitreous,  so  as  to  leave  a  thin  film  of  it 
in  situ  upon  the  yellow  spot,  is  a  very  nice 
matter.    When  this  is  satisfactorily  done, 
we  observe  the  border  of  the  spot  to  rise 
into  a  gentle  eminence,  so  that  its  middle 
part  projects  a  little  towards  the  vitreous 
humour ;  and  in  its  centre  is  an  oval  or 
slit-like  hollow,  formed  by  the  hyaloid  sur- 
face dipping  on  all  sides  from  the  hyaloid, 
and  the  opposite  sides  coming  into  contact, 
the  vitreous  not  entering  the  hollow.  Thus 
the  surface  of  the  retina  at  the  yellow  spot 
appears  to  present  a  slanting  surface  to  the 
rays  of  light. 

Modification  of  the  retinal  layers  at  the 
yellow  spot. — The  texture  of  the  several 
layers  at  the  yellow  spot  is  much  modified. 
In  particular,  the  grey  fibres  do  not  pass 
over  it  in  a  direct  course  from  the  optic 
nerve  to  the  side  of  the  retina  beyond  the 
spot,  but  take  a  circuitous  course,  so  as  to 
avoid  the  spot,  and  only  that  small  number 
approach  the  spot  which  properly  belong  to 
it,  and  terminate  in  it.  In  this  respect  it 
differs  from  the  rest  of  the  deeper  portion 
of  the  retina,  and  must  be  regarded  as  more 
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perfectly  organized.  In  the  same  way,  as  is 
well  known,  this  portion  of  the  retina, 
though  so  near  the  main  vessels,  is  not  en- 
cumbered by  any  of  the  large  branches,  but 
the  branches  which  supply  the  spot  and  the 
regions  beyond  it  arch  above  and  below  it  at 
such  a  distance  as  not  to  interfere  with  its 
perfection,  and  the  spot  itself  has  only  ca- 
pillaries which  communicate  with  the  arte- 
rial and  venous  twigs  on  all  sides.  This 
arrangement  of  the  blood-vessels  occurs  also 
in  animals  which  have  no  yellow  spot. 

The  plexiform  fasciculi  of  grey  fibres  ap- 
proaching the  spot  have  nucleated  vesicles  of 
large  size  interposed  in  the  meshes  ;  and  as 
the  fibres  gradually  lose  themselves  from 
view,  these  vesicles  increase  in  number  so 
as  at  length  to  occupy  the  whole  surface.  It 
is  possible  to  see  the  fibres  reduced  to 
smaller  and  smaller  bundles,  and  become 
overlaid  by  the  vesicles ;  but  I  have  never 
been  able  to  distinguish  any  special  relation 
subsisting  between  the  fibres  and  the  vesi- 
cular elements.  The  nucleated  vesicles  of 
which  I  now  speak  are  not  exactly  like  those 
met  with  in  the  retina  generally  ;  and  whe- 
ther they  are  a  modification  of  those  of  the 
layer  ^2)  or  of  the  caudate  vesicles,  I  can- 
not say ;  for  at  the  yellow  spot  the  inner 
layers  are  less  distinguishable  from  one 
another  than  elsewhere  :  on  a  vertical  sec- 
tion, they  are  more  confused,  and  present, 
in  common,  a  rather  obscure,  dark,  yellow 
aspect.  I  incline  to  believe,  however,  that 
the  vesicular  nervous  matter  (2)  is  here  in  a 
high  state  of  development,  the  vesicles  being 
very  numerous,  and  of  more  stable  constitu- 
tion than  elsewhere.  The  layer,  which  I 
suggested  might  be  that  of  the  caudate  cor- 
puscles, appears  to  become  considerably 
thicker,  and  to  blend  with  the  vesicular  on 
the  surface  of  the  yellow  spot.  The  layers 
of  the  agglomerated  granules  pass  into  the 
yellow  spot,  the  granular  layer,  g,  being 


thinner,  the  nummular,  «,  thicker  than  else- 
where. The  two  elements  of  Jacob's  mem- 
brane are  found  over  the  yellow  spot  as  on 
the  surrounding  parts  of  the  retina ;  the 
rods  are  of  the  same  length,  but  thicker, 
and  the  bulb-like  bodies  are  nearer  toge- 
ther. 

The  colour  of  the  spot  does  not  appear  to 
be  confined  to  any  single  texture,  but  api 
pears  to  bathe  all  the  textures,  except  those 
of  Jacob's  membrane,  in  a  common  cloud 
of  rich  yellow,  deepening  towards  the  centre. 
The  colour  is  here  and  there  in  minute 
grains  of  deeper  hue ;  but  in  general  it  does 
not  seem  to  lie  in  proper  pigment  cells,  but  to 
stain  fibres,  vesicles,  and  granules  alike.  The 
colour  soon  disappears  after  death,  or  in 
water ;  in  the  dried  retina  it  is  permanently 
retained. 

Such,  gentlemen,  is  a  brief  account  of  the 
retina  as  I  have  found  it  in  numerous  exa- 
minations in  man  and  animals  during  the 
last  four  or  five  years.  If  you  take  the 
trouble  to  compare  it  with  the  accounts 
which  have  been  published,  you  will  find  it 
to  correspond  in  most  points  with  the  most 
recent  descriptions  furnished  by  Hannover, 
Pacini,  and  others,  but  to  differ  from  all  in 
a  few  particulars.  It  has  not  been  my  ob- 
ject to  discuss  disputed  points,  but  to  com- 
bine in  one  view  what  seemed  most  consis- 
tent with  the  truth  of  nature.  I  would 
venture  earnestly  to  advise  those  of  you  who 
have  the  opportunity,  to  examine  this  ela- 
borate structure  for  yourselves,  as  it  contains 
within  a  small  compass  a  most  admirable 
and  orderly  arrangement  of  parts,  some 
having  the  common  characters  of  nervous 
elements,  but  others  of  so  singular  an  aspect 
and  properties,  as  to  present  questions  of 
great  interest,  upon  which  a  more  extended 
study  may  be  expected  to  throw  much 
light. 
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